x Ys ees aw. 
Bde the Marin tn CHR 


ns 
rif 


f A, gle hey eee 


i 


| LVI yp pee t cn bf 


pr 24 Ne 


>. ge 
* GENERAL SYSTEM 


CHEMICAL KNOWLEDGE. 


à. ‘be. SC. | 


A 


GENERAL SYSTEM | 


OF 


CHEMICAL KNOWLEDGE; 


AND ITS 


APPLICATION 


TO THE 4 


 PHENOMENA OF NATURE AND ART. 


BY A. F. FOURCROY, 


Of the National Institute of France, Counsellor of State, Professor 
vf Chemistry at various Public Establishments, Member 
of many Academies, &c. - 


IN ELEVEN VOLUMES. 
TOGETHER WITH A SET OF SYNOPTIC TABLES, IN LARGE FOLIO» 


‘TRANSLATED FROM THE ORIGINAL FRENCH; 


BY WILLIAM NICHOLSON. 


VOL. Vill. 


LONDON : 


PRINTED FOR CADELL AND DAVIES, STRAND; LONGMAN 
AND REES, G. AND J. ROBINSON, AND J. WALKER, 
PATERNOSTER-ROW 5 VERNOR AND HOOD, POULTRY 3 
CLARKE AND SONS, PORTUGAL-STREET; CUTHELE 
AND MARTIN, AND OGILVY AND SON, HOLBORN; 
AND S. BAGSTER, STRAND. 


1804. 
' W. Flint, Printer, Qld Baileys 


à HISTORICAL 
 MEBICAR 


anal dat 


* 


TABLE OF CONTENTS 


OF THE 


FIGHTH VOEUME. 


CONTINUATION : 
OF THE 


SEVENTH-SECTION. 


Art. XIV. Of Camphor....... Pine Re 
Bae. OF the Rens... 18 
Ant: XVI Of the Gum Repay... <s- 33 
Art. XVII. Of the Caoutchouc, or 
Elaftic Refin .:..% Oy Seca oF 44 
Ar XVITL Of the- Balfams <3 a. 54 


Art. XIX. Of the Colouring Matters 63 
Art. XX. Of the Vegetable Albumen 108 
Art. XXI. Of the Ligneous Matter.... 134 


Peter VO Pann oie sm ia 191 
PRE AIT: OF Suber ss ner 129 


ART. XXIV. Of the Fofil, or Mineral — 
Subfiances found in Vegetables... 133 
Fifth Order of Faëts refpeciing Vegetable Com- 
pounds. | 
Art. I. Of the Nature and general 
Caufes of the Spontaneous ac ae 
BE CROs Sie TONNERRE 140 


vi TABLE OF CONTENTS. 


ART. Il. Of Fermentations in general, 


and their Difiinétion into feveral 


VAT RE RE Se : 

ART IT. Of the Saccharine Fermentation 
ART. IV, Of the Vinous Fermentation 
andits Producis, Wine and Alcohol 

Sec. I. Definition and Literary Hifiory 


of thd Vinous Fermentation ...+.. 
Sec. Hi Conditions of the Vinous Fer- 
LONDON Co coe ad RES PER ER 
Sec. III. Phenomena of the Pais Fer- 
MIEN OP ION EURE ep aie eae ce, 
Sec. IV. Of the icin Produ& or 
LEG NESS Mee oe re ee Ne = Pee 
Sec. V. Of the remote Produ, or Al- 
GOOLE ON Seite SO eee Spee Yas 


a V. Of the Acid Fern mentation, and 

of its Producis, or of Acetous Acid 

Sec. I. Of the Conditions and Pheno- 

mena of the Acctous Fermentation 

Sec. II. Of other Proceffes by which 
Acetous Acid is obtained ........- 

Sec. III. Of the Properties of Vinegar 

Sec. IV. Of the Chemical Phe oe 
0}, ACCLOUS! ACIU Grain = vote sees sane 


Sec. V. Of the different Modif cations . 


or Species of Acids afforded by 


AIDE UTS euh Vac ca dice neta nh cle take 


278 
Sec. 


TABLE OF CONTENTS. vii 

Page. 

Sec. VI. Of the Ufes of Acetous Acid 987 
Art. VI. Of the Panary and Colouring 

POPC OUIONS ie oes oe Sac cWele sca 291 

Art. VII. Of the Putrid Fermentation 296 

Sec. I. Of the Steeping of Hemp, &c. 299 


Bec. Ll. -OF fatten Woods; sms. 301. 
Sec. IL. Of Dung .................... 803 
MG IT O0 Mig ld soccer RU ean hee 305 


Arr. VIII. Ofthe flow Decompofition and 
warious Changes which Vegetables 


undergo. in the Barth scassesesaae 308 

Sec. 1... Of Foal 00d ss if. ie. 310 
Bice Our or Feat sésame STS 
Sec. III. Of Bitumens ....…...… bbs. 805 
i DIN ON Lin aca wake eke bee ape ss? SY 
DGGE Sock ve PAC RER ARE AS EE 524 
Cid in dss NL EE "#91 

D' Amber .::3 30, reds boots. O98 

Sec. IV. Of Petrified Wood me er $43 


Sixth Order of Faéts refpecting Vegetable 
Compounds. 


Art. I. Of Vegetables confidered as Che- 
mical Apparatuffes ss. + 546 
Art. IL Ofthe Nutrition of Vegetables 349 
Art. IIl. Of the Influence of AE on 
| PP Speed de ei à > 551 


Vill 


ART. 
ANRT 
ART. 
ART. 


ART. 


ART. 


TABLE OF CONTENTS. 


IV. Of the Influence se on Ve- 


getation Pe ee ie Se EE RE Se ae 


GAO pe i Dent e of Water on 


Ve PETELIOUP LE So. NS PORT 


Vi. Of the Influence of Gafs on 
PRÉLCLALLON Sei ELA NES Fes 


WAG RE Tarte of Soil on 


VB SCLULLOT iene Haan ee Er dle oe 4 


VIII. Of the Influence of Manure 
WONT CZELATION SSI A otk oes 


IX. Of the Funéiions Theses 


A Motion of the Sap ..... Pane 
Bi Oecreliany: NE LE PR ete oie Eo 
C Frritability.-........s...sss 
D Nutrition -...…........ss.. <--- 
Fi EfianonElomes- vt San cee 
ET ran[pirations 5.4.2! Be 
GRD iF eion SSSR NE SR ep ae 


Il Sleep «-+-.+--- Her Foie: D DS 


PP ANINT LION Ses ee ve nas ve 
kK Foliation ea sn = 2e Sn es ce © « aes 
EL loteries ets. = joe 


M Fr D PNR ue 


Arr. X. Of the Modifications which Art 


produces in Vegetables; of the 
principal Changes of which they 
are fufceptible, and of the Difcafes 
by which they are affeRed ........ ; 


À 
SAONE ME" 
OF 


CHEMICAL KNOWLEDGE. 


CONTINUATION OF THE 
SEVENTH SECTION. 


ARTICLE IV. 


Concerning the Eleventh of the immediate 
Materials of Vegetables. 


Of Camphor. 


. À, Situation. 


1. CAMPHOR was not formerly confidered as 
one of the immediate materials of vegetables, | 
but merely as a principle peculiar to that tree of 
Molucca which affords it. Slare and Ludovic 
firft obferved it in old oil of Canella; Kunckel 
in the thick oil of annifeed and rofemary ; Cru- 
ger in oil of marjoram kept twenty-feven years. 
Geoffroy has extended and confirmed thefe ob- 
fervations by afcertaining the exiftence of cam- 
phor in many effential oils, and obferved that 
it falls down in the courfe of time from them, 
Vous VILL B particu 
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particularly from the oils here mentioned. Af- 
ter thefe chemifts, Cartheufer difcovered it in a 
great number of plants. Prouft has accurately 
bed the art of extracting it, even with 
profit, from various fpecies of volatile oils, 
which grow abundantly in the province of 
Murcia. 

2. The tree which affords camphor is a fpecies 
of laurel, which grows abundantly at Ceylon, 
at Borneo, and in the ifland of Java. It alfo 
exifts in the roots of canella, zedoary, faffafras, 
in the oils of thyme, rofemary, fage, lavender, 
marjoram, and matricary. Citizen Joffe, apo- 
thecary at Paris, has obtamed it in fufficient 
quantity to afcertain its nature from the roots 
of elicampane: I have found very evident 
traces of it in the roots of Valerian, It exifts 
in general in various volatile oils, which hold 
it in folution, and fuffer it to precipitate, either 
by fpontaneous evaporation or by the aétion of 
firee Many chemifts affirm, that thyme and 
pepper-mint, flowly dried, afford much camphor 
by diftillation. Mr. Achard has obferved, that a 
fmell of camphor is difengaged when the vola- 
tile oil of fennel is fected ot nitric acid ; 
that the oil of annifeed afforded it in cryftals Oy 
the fame acid ; and laftly that vinegar, charged 
with oil of ison let fall camphor by the 
addition of pot-afh. 

3. Alt thefe faéts united, leave no doubt re- 
fpeéting the exiftence of camphor in a great 
number of vegetables. There is reafon to think 
| that 
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that it will be ftill more abundantly found 
when experiments fhall be multiplied on this 
head. We muft not therefore any longer con- 
fider camphor as a principle peculiar to any - 
fingle vegetable, but truly as one of the imme- 
diate materials of plants among which it ought 
to be arranged. 


B Extradtion. 


4, NoTWITHSTANDING the exiftence of cam- 
phor, as it appears in many vegetables, that 
which is moft abundantly employed, becaufe 
mott eafily extracted, is obtained in the Moluccas 
from the laurus-camphora of Linneus, or the 
camphorated laurel. This tree grows fpeedily, 
and in great numbers, in the iflands of Sumatra, 
Borneo, Java, and in Japan. Many travellers 
affert, that this tree contains it fometimes in fo 
great quantity, that nothing more is neceffary 
than to fplit it, in order to obtain confiderable 
mafies in a pure ftate It is obtained from 
this vegetable by diftillation. ‘The roots and 
branches of the camphor-bearing laurel are put 
into a great alembic with water. A head is 
adapted, the inner part of which is fitted up 
with firings made of rice-ftraw. The heat 
which is applied volatilizes and fublimes the 
camphor, which adheres to the cords in the 
form of fmall greyifh, dirty grains, which are 
united by rubbing into larger pieces. The 
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camphor thus collected is impure. It is refined - 
in Holland by fublimation, in which one-fixth 
of its weight of chalk is ufed. Some perfons 
affure us that this operation is made without 
any addition in galleries placed over long, fur- 
naces conftructed on a flope, in which the fire 
is kept up by letting fall fucceffively tn the di- 
rection of thofe fires the membranous enve- 
lops or chaff of buck-wheat, polygonum fago- 
pyrum.. Thefe envelops of the farrazin are fe- 
parated by fwelling with water, and the fubfe- 
quent effect of a gentle heat. They take fire 
with rapidity on account of their drynefs. 

5. To thefe accounts of the ancient art of ex- 
tracting camphor from the laurel, it is neceffary 
to add in this place a fhort notice of operations 
refpecting the extraction of camphor from va- 
rious volatile oils, being part of a diflertation 
of Mr. Prouft, a Lite chemift, Profeffor at 
Segovia fince 1784, publifhed in Spanifh in that 
town in 1789, under the following title: fe- 
fultado de las experiencias hechas febra el alcan- 
for de Murcia. Conlicencia en Sigovia pordon 
Antonio Efpinofa. I fhall follow a very ample 
extract inferted by Mr. Arezula, a Spanifh che- 
mift, one of my pupils, in the Annals of Che- 
mifiry, vol. iv. p. 179. “Mr. Prouft having 
obferved, in a bottle of volatile oil of lavender, 
different ramified cryftals formed of oétahe- 
drons, placed upon each other, and a kind.of 
fnow depofited on that part of the bottle where 
the oil had been piled on the outfide, thus 

difcovered 
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difcovered the prefence of camphor in the oil, 
and fufpeéted that it exifted alfo in thofe of va- 
rious other labiated plants of Murcia, a pro- 
vince very fertile in this genus of plants, and 
which afford much of the volatile oils of com- 
merce. A continuation of his inquiries foon 


fhowed, that evaporation in the open air is a 


very proper means to feparate the camphor from 
thefe oils. Ata temperature between 6 below 0, 
and 10 above 6 of the thermometer. of Reaumur | 
he expofed it to the air in plates of porcelain, 
in a ftill place, confiderable quantities of oil of 
rofemary, of marjoram, of fage, and of la- 
vender from the country here mentioned. Spon- 
taneous evaporation was fuflicient to afford him 
camphor in cryftals, one-fixteenth of the weight 
of that of rofemary, near one-tenth of that of 
marjoram, nearly an eighth of that of fage, and 
upwards one-fourth of that of lavender. He 
did not, however, keep any account of that 
which was diflipated with the oil volatilized in 
the air: fo that thofe quantities, though confider- 
able, are full lefs than was contained in the oils 
themfelves. The oil of lavender, the moft rich 
in camphor, afforded a firft portion of this body 


feparated after twenty-four hours; it had the 


form of blades intertwined together, and he fe- 
parated the portion of oil which adhered by 
mere fufpenfion in a funnel. At fifteen degrees 
the fpeedier evaporation caufed the camphor of 
this volatile oil to feparate after twelve hours 
expofure to the air. In very hot feafons, the 
diftilled oil carries fo much with it that it de- 
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pofits it in cooling; and an apothecary of Madrid 
affured Mr. Arezula, that by this fimple procefs 
camphor had long been obtained from the vola- 
tile oils of Murcia, and was fold for thirty fous the 
(quantity not mentioned in the original) in 
commerce. The volatile oil of fage depofits its 
camphor rather more flowly than that of lavender, 
and it is more difficult to feparate the portion of 
oil which hangs about it. The camphor thus ob- 
tained and driéd on blotting paper was dry, white, 
and brilliant, like fnow ; it fearcely exhibited 
the odour of the oil from which it was afforded. 
By diftilling the oils of lavender on a water- : 
bath of confiderable extent, but fhallow, placed 
at fome diftance from water kept at the heat of 
feveral degrees below the boiling point, until a 
third of thefe fluids is drawn over, and the ap- 
paratus being then left to cool, two-thirds of 
that which remains in the veflels are obtained, 
confifting of camphor cryftallized and precipi- 
tated, which may be taken out with a fkimmer, 
then drained in a fieve, or flightly compreffed. 
The remaining oil is to be treated with other 
water as before. The heat of the ebullition 
and the diftillation, urged ftill farther, caufe the 
camphor to rife by fublimation in the head. — 
When the operation is thus finifhed, one half of 
the camphor contained in the oil will have been 
obtained. Three fucceffive operations are fuf- 
ficient to deprive oil of lavender of the camphor 
it is capable of affording. It is not poffible to 
obtain by this means more than a fifth, inftead 
of the fourth part which it really contains. 


The 
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The refidue contains a feventy-fecond part, and 
the diftilled oil fix of the fame parts. Mr. Prouft 
eftimates, that in the large way this oil will not 
afford more than ren parts out of feventy- 
two of camphor, inftead of eighteen, which it 
in faél contains. 

By refining the camphor thus obtained by 
fublimation, the profeffor of Segovia made fe- 
veral important obfervations. Twenty-four parts 
of this produét afforded him only twenty-two of 
very white folid and pure camphor. The two 
twenty-fourth parts which remained were too 
ftrongly heated, which rendered them of a 
brown-red, owing to a refinous fubftance, which, 
having been taken up with the alcohol, was 
precipitated by water of a tenacious and reddith 
appearance, whereas the camphor itfelf was pre- 
cipitated in white flakes. This refin arifing 
from a fmall quantity of oil remaining between 
the cryftals of the camphor in the firft opera- 
tion, prevented the fublimation of the laft por- 
tion, Lime facilitated its purification, and af- 
forded twenty-three twenty-fourth parts of 
white dry camphor. Wathed afhes fucceed equally 
well. White clay afforded yellow camphor. He 
advifes the ufe of lime or wafhed wood-afhes 
in preference to the clay, which he rejeéts. It 
is neceffary that thefe fubftances fhould be very 
dry, becaufe the water they contain produces a 
boiling in the mixture, the projected fluid from 
which would foil the fublimed camphor. Fire 
of confiderable ftrength, and fhallow vefels, 
contribute much to afford the camphor in white 

folid 
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folid loaves, as it ought to be for the market. 
The fufed camphor may be boiled before the 
fublimation, becaufe it is lefs volatile than the 
oil, and a fironger heat is required to raife it 
than would be fuppofed, from the ancient no- 
tions refpecting the volatility of camphor. This 
is the only means of obtaining it tranfparent 
and in maffes ; and it appears that this is the fe- 
cret of the Dutch refineries. The fublimed 
camphor contracts in cooling, and breaks in va- 
rious places ; it feparates very well from the vef- 
fel; whereas, when lefs heated, it is lamellated, 


_ Tous or fpongy, and adheres much. 


The author, from the fimple and precife cal- 
culations founded on the price of oil of la- 
vender, the camphor of Murcia, and the charges 
of the operation which he defcribes for ex- 
tracting and refining camphor, compared with 
the produét he obtained, concludes that the ad- 
vantage would be from fixty to fixty-three per 
cent. 

Oil of fage treated in the fame manner as 
that of lavender, though it requires but one 
third of the produét to be volatilized, does not 
afford, according to him, more than a profit of 
twelve or thirteen per cent. on account of the 
lefs quantity of camphor it contains ; the oil of 
marjoram affords between ten and eleven per 
cent. and that of rofemary ftill lefs, as it does 
not exceed four or five per cent. 

Mr. Prouft concludes this interefting refearch 
with a comparifon of the properties of the 

, camphor 
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gamphor extraéted from the oil of lavender of 
Murcia with thofe of the camphor of commerce, 
and he found the effeéts of the nitric acid upon 
the one and the other to be abfolutely the fame. 
Each furnifhed, after having precipitated them 
from the nitric acid by means of water, a lofs of 
thirty-five per cent. concerning which I fhall 
{peak hereafter. 3 

6. Thefe interefting details erie reafon to 
prefume that much advantage might be derived 
from the labiated plants which grow fo abund- 
antly in the fouthern departments of the French 
Republic, and particularly from the greater la- 
vender, davendula fpica, the fame as that of 
Murcia from which the oil of afpic is extraét- 
ed. Though the difference of climates might 
produce fome modification in the quantity of the 
product, thereis reafon to hope that this oil, fo 
abundant and fo cheap in comparifon with the 
other volatile oils, would afford camphor by the 
procefies of Mr. Prouft, and thus fupply us with 
a new article of trade, for which the nation 
would no longer be under the neceflity of pay- 
ing to foreigners in ready moncy. 


A C, Phyfical Properties, 


7. Very pure camphor is a white, concrete, 
tranfparent body, cryftallized in oétahedrons or 
fquare plates, of which the ipecific gravity is 
in comparifon to water, upon High it floats, 
as 9,887 to 10,000, Its tafte js acrid, hot, pe- 

| netrating, 
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netrating, and bitter. Its firong and difagree- 
able fmell gave rife to the adage of Salerneum, 
Camphora per nares caftrat odore mares, be- 
caufe it has long been fuppofed to poffefs 
calming and fedative property ; but it is very 
far a, poffeffing that property to the extent 
denoted in that verfe. 

8. When it is placed in fragments, even of 
confiderable magnitude upon water, the fluid 
moves round the fragments, and circulates as if 
it gradually attacked their furface. Small cy- 
linders of camphor, placed vertically in water 
fo as to ftand above its furface, but alfo fixed in 
fuch a manner as to remain in part beneath, are 
cut in two, according to the obfervation of 
Venturi, Profeflor of Natural Philofophy at 
Modena, at the precife level of the water. Very 
fmall pieces of camphor thrown upon water are 
agitated, and moved about with great rapidity. 
A drop of oil let fall upon the nent of the li- 
quid immediately ftops the motion, which was 
erroncoufly attributed to electricity, but appears 
to.be owing to the attraction of the particles of 
camphor, water, and air, and to be a true com- 
bination between thefe three bodies. 

9. Camphor is one of the moft volatile fub- 
ftances we know; it appears neverthelefs, from 
the experiments of Prouft, to be lefs fo than 
volatile oil. But we muft not overlook that 
this is to be underftood refpeéting its combina- 
tion with the oils, and not with regard to pure 
and infulated camphor. Camphor in a clofed 
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veffel, expofed to a temperature fuperior to fix- 
teen degrees of Reaumur’s thermometer, con- 
tinually rifes in vapour, and is inceffantly fub- 
limed. The upper part of the fides of the 
veflel is found to be covered with cryftalline 
grains of camphor varioufly grouped upon the 
furface of the glafs. It appears in this cafe, 
that the heated air diffolves it, and afterwards, 
by cooling, depofits it on the fides of the 
_veñel. | 

10. Camphor is alfo fufible at a temperature, 
which Citizen Venturi eftimates at 120 degrees 
of the thermometer of Reaumur. Mr. Prouft 
defcribes it in a ftate of fufion and ebullition 
before it rifes in vapour. In fact we may fup- 
pole that the twenty-fourth part of volatile 

oil, to which it was {till united, had an influ- 
ence on its fufion, notwithftanding its fmall 
quantity. In this fublimation, the camphor 
cryftallizes in a different manner from that 
which it exhibits when it abandons its oily fol- 
vent, and a few traces of octahedrons are per- 
ceivable only in the cafe of its.volatilization in 
{mall irregular grains. Citizen Venturi affirms, 
that it fublimes at fifty degrees of the thermo- 
meter of Reaumur. According to the fame 
philofopher, it evaporates at the ordinary tem- 
perature of the atmofphere in the vacuum of 
the barometer. 
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i1..WuILe it prefents fome analogies with 
the volatile oils, camphor exhibits very remark- 
able differences. When placed in contact with 
a burning body, it takes fire brifkly, and emits a 
very white flame with abundant fumes. Citizen 
Lagrange burned it in oxigen gas or mercury, 
in the fame manner, as Lavoifier burned car- 
bon and phofphorus. He obtained much fu- 
blimed charcoal, carbonic acid gas, and another 
acid, of which the nature is not accurately 
determined, but which he compared to the 
camphoric acid, By diftilling camphor ground 
with alumine, in order to fix it in a certain re- 
fpect, he extraéted a golden-yellow coloured oil, 
of an acrid tafte, and of a fmell refembling 
that of thyme and rofemary, volatile in the 
air, forming a liquid foap with the eauftic al- 
kalis, foluble in alcohol, becoming white in the 
oxigenated muriatic acid: a very black and 
very pure coaly matter remained in the alumine. 
According to the fame chemift, a fmall quantity 
of camphoric acid is formed during the diftilla- 
tion of camphor. | 

12. The union of the fimple combuftible bo- 
dies with camphor, particularly phofphorus and 
fulphur, has not been yet examined. Water dif- 
folves it in a very {mall quantity, which, how- 
ever, is fufficient to produce a very perceptible - 
acrid fmell and tafte ; when camphor is burned. 
upon 
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upon water, the fluid contraëts a very percep- 
 tible acid tafte, and other properties. 

13. One of, the great differences between 
campor and the volatile oils, is the manner in 
which it is affected by the ftrong acids. Con- 
centrated fulphurie acid BnF it, and by the 
affiftance of heat, fulphureous acid and hidro- 
gen gas are difengaged ; the fluid’ becomes of a 
violet or brown-red ; and it is afcertained that 
carbon is feparated, and water with an acid is 
formed. The nitric acid diffolves it effe€tually, 
if it be but little concentrated. This yellowith folu- 
tion feparates into two liquids; that which floats 
above has been improperly denominated oil of 
camphor ; the portion beneath contains cam- 
phor already altered and acidified; for when 
the upper fluid is precipitated by water, which 
feparates camphor in the folid ftate without 
alteration, more than a third of this combutftible 
_ body is found to have difappeared. The gafe- 
ous muriatic acid alfo diffolves camphor, and 
puts it into the aëriform ftate; the fame is the 
cafe with the fluoric acid gas. Water precipi- 
tates the camphor of thefe folutions in the folid 
fate, as it does the nitric folution. 

14. Mr. Kofegarten long fince difcovered that 
the nitric acid, diftilled in a confiderable quan- 
tity from camphor, conver ts it into a peculiar 
acid. Citizen Bouillon has confirmed this dif- 
covery, and carried his refearches concerning 
this acid much farther. In order to obtain it, 
eight parts of nitric acid, at thirty-fix degrees, 

are 
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are poured upon one part of camphor in a glafs 
retort. Heat is given by a fand-bath, and much 
nitrous gas with carbonic acid is difengaged, 
at the fame time that a fmall portion of unal- 
tered camphor fublimes. This operation is re- 
peated three times upon the fame camphor. The 
camphoric acid is cryftallized by the cooling of 
the fluid which remains in the retort. It is pu- 
rified by folution in boiling water and cooling. 
The acid thus obtained does not amount to 
quite half the weight of the camphor. This 
acid, which appears to cryftallize in acute o¢ta- 
hedrons, has a flightly four but confiderably 
bitter tafte. It reddens turnfol, and efflorefces 
in the air. Cold water diffolves fcarcely more 
than one-three hundredth of its weight ; boiling 
water, on the contrary, diflolves nearly one- 
twelfth. Upon ignited charcoal it emits an 
acrid aromatic denfe fume, and is entirely diffi- 
pated. It melts and fublimes by a regulated 
heat. When paffed through an ignited tube 
with oxigen gas, it remains without alteration. 
Neverthelefs, by diftillation in a retort, Citizen 
Lagrange had expectation of decompofing it, 
as it loftits acid nature, its folubility in water, 
and had acquired an aromatic odour. ‘This acid 
is alfo foluble in oils. Its combinations with 
the earths, the alkalis, and the metals, are 
different from thofe of all the known acids. It 
does not precipitate lime-water; the camphorate 
of pot-afh, and feveral other camphorates, are 
very cryftallizable.. The camphoric acid preci- 
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pitates various metallic folutions, particularly 
the fulphate, and the muriate of iron. 

15, Camphor is not changed, nor foluble in 
the alkalis. No falt a¢is upon it, except the 
fuper-oxigenated muriate of pot-afh, which 
burns and deftroys it by a blow or by preflure. 
It has no attraction for the metallic acids, nor 
for the folutions of the metals. It mixes, and 
is fufpended in water by the medium of fugar, 
or the mucilages. Fixed and volatile oils diffolve 
it, and nature frequently prefents this folution,. 
as I have already fhown. 

16. Though the accurate analyfis of camphor 
aud its ne properties are yet far from 
being known with the accuracy that may be 
wifhed, thofe which I have here pointed out 
will fufficiently diftinguifh this body from 
volatile oils, and to juftify us in admitting it as 
one of the immediate materials of vegetables, 
which deferves to be carefully ftudied. Its pro- 
perty of forming a peculiar acid by the action 
of fire, or of the nitric acid, is fufficiently cha- 
racteriftic. It was lately confidered as a vola- 
tile oil, more carbonated than thofe which are 
particularly diftinguithed by that denomination. 
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17. Ir there be truly no more than one fpeciés 
of camphor always of the fame nature, what- 
ever may be the Nc from which it was 


obtained, 
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obtained, it is neverthelefs true, that, together 
with the refemblance of the greateft number of 
its diftinétive properties in the different plants 
which contain it, it alfo prefents certain differ- 
ences, particularly that of an odour refembling 
the vegetable form from which it was extracted. 
Under this point of view, we may therefore ad- 
mit as many fpecies as there are plants hitherto 
difcovered which afford it, though the qualifi- 
cation of fpecies may be really too marked a 
term to diftinguith fimple varieties. Thus, be- 
fides the true camphor obtained from the cam- 
phor-bearing laurel, we may admit the camphor 
of lavender, of fage, of rofemary, of marjoram, 
of anifeed, of faffafras, &c. This diftinétion, 
however, muft become either more accurate or 
ufelefs at the period when chemifts, after com- 
paring thefe different varieties of camphor, fhall 
have difcovered charaéters peculiar to each, or 
have confirmed their perfect identity. 


EL Ufes. 


18. Campuor is one of the moft powerful 
remedies which medicine poffeffes, As a topical 
remedy it calms inflammations, {tops gangrene, 
and diffolves various tumours. Internally, it is 
anti-fpafmodic and antifeptic. It is very fuc- 
cefsfully employed in contagious diforders, in 
intermittent or putrid fevers, as well as thofe of 
a malignant and nervous defcription. It is par- 
ticularly active in affections of the urinary paf- 

 fages, 
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fages, and ftops the pernicious effeéts of can- 
.‘tharides on thofe organs. It is prefcribed in the 
dofe of feveral grains in pills, boluffes, elec- 
tuaries; mixtures, in which it is diffufed by 
means of the yolk of egg, mucilages, and 
fugar. Its folution in alcohol is much employed 
internally. It enters into a great ee of 
, pharmaceutic preparations. 

19. It is particularly ufed in embalming. It 
powerfully preferves putrefcent se ftops 
the feptic alteration, as is proved by all the 
experiments of the moderns upon putrefaétion 
and antifeptics. It is much employed to de 
fend furs, feathers, and animal fubftances in 
general, particularly preparations of natural hif- 
tory from alteration. It operates in this refpedt, 
by preventing the approach of infeéls, and ac- 
cordingly it is much ufed in cabinets and col- 
leétions of animal matters from America and 
‘India. 

20. Camphor is alfo of ufe in fome of the 
arts as a combuftible fubftance.. It is an ingre- 
dient in fire-works, and is faid to-have been a 
part in the famous compofition named the Greek 
fire. Moft of the incendiary preparations, in- 
tended to produce their effeét in water, likewife 
contain a more or lefs confiderable quantity. 
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ARTICLE XV. 


‘Concerning the Twelfth of the immediate Ma- 
terials of Vegetables, namely, the Refins. 


A. Situation. 


1. UNDER the‘article of volatile oils we 
have feen, that when expofed to the air, they 
become condenfed and converted into refin. It 
feems, therefore, that there is no other dif- 
ference between thefe fubftances but the con- 
denfation here mentioned, and that we may 
define refins by the name of condenfed volatile 
oils. But this fimple expofition gives us but a 
very imperfect notion of refinification, that is 
to fay, the converfion of thofe oils into refin. 
It is very evident, in fact, that the refins owe 
their origin entirely to the volatile oils, that 
they are always firft in this ftate; but in this 
fimple expreflion of the fact, we do not fee 
the manner of operation or the caufe which 
produces the effect, or the true refult it affords. 
It is neceffary to examine the phenomenon more 
narrowly, in order to afcertain what refinifica- 
tion confifts in, and to determine what happens . 
during the converfion of the volatile oils into 
refin. 

2. Mr. Prouft, in his Differtation on Camphor, 
obferves, that moft of the volatile oils when ex- 

pofed 
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pofed to the air, are feparated into two fub- 
ftances, one of which is acid, and the other 
refinous. It is probable that the former is ana- 
logous to the Benzoic or camphoric acid. With 
regard to the converfion of a portion of yola- 
tile oil into refin, this chemift attributes it to 
the abforption of oxigen, as well as acidifica- 
tion; and he explains thefe fimultaneous changes 
by admitting two.different fubftances in the 
oils, one a (bis of acidifiable radical, and the 
other refinifiable radical. Though this inge- 
nious theory may appear to fatisfy the pheno- 
mena, or rather the refults obtained by the ex- 
pofure of the volatile oils to the air, it is far 
from being yet confirmed by experience. 

3. Experience indeed proves, that by ex- 
pofing the volatile oils to the contact of oxigen 
gas, as well as by treating them with bodies 
which can eafily communicate this principle, | 
they in faét become condenfed, and approach to 
the nature of refins, at the fame time that they 
are partly acidified; but it does not exactly. 
prove that thefe changes are owing merely to 
abforption of oxigen. Ou the contrary, we 
find by expofure of thefe oils to the air, that 
they are more difpofed, as I have obferved, to 
lofe or part with a portion of their hidrogen, 
than in truth to abforb oxigen. They gradually 
form water, which is eatletied even on. their 
furface, or which lines the infide of the glafs 
veflels in which this experiment is made with 
very vifible drops; and as thefe oils become at 
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the fame time more denfe, we may attribute 
their refinification much more to the lofs of 
their hidrogen, than to the abforption of oxi- 
gen. They alfo at the fame time fnffer a por- 
tion of their carbon to exhale; for the air in 
which they have remained fora long time be- 
comes charged with a greater or lefs quantity of 
carbonic acid. 

4, We may in the mean time, and this is the 
moft juftifiable conduct to be purfued, until in- 
quiries fhall have been carried further on this 
object ;—we may admit the contemporaneous 
action of the air upon the volatile oils, the lofs of 
hidrogen, and its abforption of oxigen from 
them, admitting, at the fame time, that the lat- 
ter of thefe phenomena is much more evident 
than the communication of oxigen. We may 
define refintfication to be a fpecies of oxidation 
of volatile oil, owing to the diflipation of part 
of their hidrogen, and the abforption of ‘a fmall 
portion of oxigen. Hence we may conceive 
why few oils pais to the ftate of refin, in what 
manner refinous matter is formed in vegetables, 
why this formation takes place at their furface, 
where the volatile oils flow out, and alfo in their 
_ barks or firft ligneous ftrata. 

5. From this theory, which is. defeétive only 
in point of precifion, we may conceive, that 
retin is to volatile oil the fame thing which ve- 
getable butter or wax is to fixed bis Nothing 
more will remain but to determine the proportion 
which exifts between the fame volatile oil and 

camphor ; 
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¢amphor; whence it happens that certain fpecies 
of this genus contain camphor, that others 
are more difpofed to form refin or benzoic acid, 
if it be true that each of thefe three bodies, 
camphor, refin, and benzoic acid, be not a pe- 
culiar modification of volatile oil, and each of 
them be not capable of pafling to either of the 
{tates refpectively by a determinate variation of 
its principles. Whatever may be the cafe, it is 
eafy to conceive that refin will be found in thofe 
fituations where velatile oil is found, and 
that every thing, which is obfervable with re- 
fpeét to the oil, is applicable alfo to refin as far 
as relates to its fituation. 


B. Extradion. 


6. Resin frequently flows from the external 
parts of vegetables in a foft and partly liquid 
fate, as will be feen in moit of the fpecies of 
this genus. The efflux is fometimes accelerated 
by ee holes, or making incifions in the trees 
which are capable of Ai a tere it, as is done 
with regard to all thofe peed refinous, 
fuch as the pine, the fir, the larch, &c. It 
then flows out in the form of a thick, vifcid, 
tranfparent fluid, often with little fmell, which 
is collected in a more or lefs confiderable quan- 
tity. 

7. Frequently alfo the refin remains in the ve- 
getable organs where it was formed; acquires a 
folidity more or lefs confiderable ; becomes dry 

and 
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and brittle; is depofited in plates or thin leaves, 
or varnifh—like ftrata, which cannot be extracted 
by preffure, or any other mechanical means. 
Neverthelefs it fometimes happens, that after 
having obferved in the texture of folid vege- 
table fubftances, diftinguifhable by its brilli- 
ancy, its vitreous texture, and its brittle pro- 
perty, it is found to feparate in the form of a 
powder more or lefs coloured, becoming fatty 
and unétuous by preffure and pulverization, and 
not to be confounded with the woody powder 
or fibrous lamellated fecula obtained by rafping 
or pounding folid vegetable fubftances.. This 
fact is obfervable in Oe operations of pharmacy, 
and of perfumery; but it is not fufficient for 
chemifts; and whatever precautions they may ' 
take, they cannot by this means procure a quan- 
tity of refin fufficiently abundant for their expe- 
riments, or fufficiently pure to be ufed in their 
refearches. 

8. When the refin exifts dry in very fmall 
fragments or thin plates, in dry vegetable mat- 
ters, as here pointed out, there are two me- 
thods of extraéting and feparating this refin 
from other vegetable fubftances with which it 
is mixed. The one, which is not commonly 
employed with this view, takes place in the de- 
coétions to which various folid vegetable bo- 
dies, fuch as the roots, the wood, the bark, the 
fruits, &c. are fubjeéted. The heat of hoiling 
water foftens and melts this refin, which eat 
rates, and is often colleéted in the form of oily, 

yellow, 
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yellow, ‘red, or brown drops at the furface of 
the water, which afterwards becomes more denfe 
and hard, and falls to the bottom of the h- 
quid; but in this cafe it mixes, and is con- 
founded with the extractive matter, which, as 
we have feen, becomes infoluble and folid by 
the action of the atmofpheric oxigen. The 
other procefs, which is the only means practifed 
in chemiftry to extraét the dry refin from vege- 
table bodies which contain it, confifts in ap- 
plying an appropriate folvent. Alcohol is em- 
ployed for this ufe; it is left to macerate for 
a certain time on vegetable fubftances, from 
which the refin is to be extraéted, and which 
have been previoufly ftamped, pounded, or cut 
into fmall pieces: it is fometimes boiled, and 
afterwards evaporated to drynefs, fo that the 
refin remains alone and dry ; neverthelefs it is 
mixed with fome other immediate principle of 
vegetables. It is feparated by precipitation with 
water. 


C. Phyfical Properties. 


9. Resin is either foft, vifcid, liquid, or dry, 
brittle, of a glaffy appearance; fine-grained, 
and more or lefs beautifully tranfparent. Its 
white, or greenifh yellow colour, when liquid, 
is extremely varied in the different fpecies 
when dry and brittle; moft commonly it is of 
a lemon or amber-yellow colour, of more or lefs 
bright red, or red-brown. It is found of a 

| red- 
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red-brown, green, or deep red colour; but in 
this cafe it is always opaque. It is eafily re- 
ducible into powder, and its powder is unétu- 
ous, and fticks together by percuffion. 

10. All the refins are rather heavier than wa- 
ter. Their fpecific gravity varies from 10,452 
to 12,289, water being 10,000, Moft of them 
have no tafte, or a very weak tafte, even when 
-mafticated for fome time. Their fmell is.almoft 
always weak, and does not become perc eptible 
but by long grinding, or an elevated tempera- 
ture. Rai have almoft conftantly a decided 
character of acidity. 

11. The refins, expofed to the weak aétion of 
caloric, foften and melt like wax without al: 
teration. Each requires a particular tempera- 
ture for its fufion. By cooling, they refume 
the concrete fiate. It 1s well known that refins 
infulate and intercept the paflage of the electric 
fluid, and that they are themfelves eleétric by 
friction. 


x 


D. Chemical Properties, | 


. Resin, treated by fire in clofe veflels, af- 
nus volatile oil in quantity greater as the 
refin is fofter. hus it is that turpentine and 
all the trees of the genus pinous, afford very 
great propoitions of volatile or effential oil. 
The refidue is a refinous matter much drier than 
before, and frequently of a brown or black co- 
Jour. If the fire be urged fiill more, the product 
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-is water, an acid liquor, carbonated hidrogen 
gas, carbonic acid gas, and there remains a vo- 
luminous charcoal more abundant in its bulk 
than from the volatile oils. 

13. Refin, heated with contact of the air, 
takes fire after having melted and boiled up; 
its flame is ftrong and large, and its imoke 
confiderable; it affords a very abundant foot, 
which is condenfed and colleéted in fome ma- 
nufaétories in cones of plate-iron, under the 
name of lamp-black. Much water is alfo formed 
in this combuftion. Dr 

14. Refin unites by fufion with fulphur; 
more difficultly with phofphorus, and not at all 
with the metals. There is no unton between 
refin and the metallic oxides, in which refpect 
thefe bodies differ much from fixed oils. There 
is no action between refin and water. When 
refin is inflamed, it decompofes water poured 
upon it, and produces an explofion, which how- 
ever is lef violent than that occafioned by the 
fixed oils, 

15. Neither the acids nor the tlie exercife 
any action upon refin, by inflaming, burning, 
or converting if into foap. This want of effect 
refembles the property of oily oxides, and fa- 
vours the opinion of thofe who think that refin 
owes its ftate to the abforption of oxigen. 
Lhe fame is the cafe with regard to the oxige- 
nated muriatic acid, the oxides, and the metal- 
lic folutions. | 
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. 16. Ft is almoft fuperfluous to obferve in this 
place, that liquid refins which contain the 
greateft quantity of volatile oil, are more al- 
_terable in general than the dry and brittle re- 
fins ; it may eafily be conccived that they muft 
participitate in the characters and properties 
of. the oils they contain. | 
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“17. Tue number of the fpecies of refin is 
very confiderable. There is fcarce a plant or 
vegetable which does not contain it, and from 
which it may not be extracted by fome chemical 
procefs. An enumeration of the fpecies would 
therefore be impofiible, illufive, or unneceffary, 
if we did not confine ourfelves particularly to 
thofe which are moft ufeful, the moft eafily ex- 
traéted, and which nature itfelf offers to man 
by their fpontaneous flux, which are the moft 
abundant, and at the fame time moft frequently 
employed in the arts. I particularly reckon the 
thirteen following refins, obferving, that fome 
of them are known in commerce by the name 
of balfams, on account of their liquid ftate 
only, and not from their nature, becaufe they 
are not true balfams, as I fhall fhow, when I 
treat thofe fubftances in one of the following — 
articles. 

A. Balfam of Mecca, from Judea, Egypt, 
and Grand Cairo. This is a liquid, white, bit- 
| | ter 
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ter refin, of a very ftrong fmell of lemon, which 
flows from the tree called amyris.opobalfamum, 
found by Forfkahls in Arabia Felix, and placed 
by Linnæus in the clafs of oftandria monogynia. 
This liquid refin affords much volatile oil by 
diftillation; it becomes thick by long contact 
of the air, and forms a folid cruft at its furface. 
It is ufed in medicine as a vulnerary, incorpo- 
rated with fugar, the yolk of egg, &c. 

B. Balfam of Copahu, another fpecies of 
brown or yellow liquid refin, which flows from 
the tree called Copaiba, named by Linnzus Co- 
paifera, and placed by that botanift in the 
clafs of decandria monogynia: the common 
fpecies, as well as that of the balfam of Tolu, a 
true balfamic juice of which I {hall hereafter 
fpeak, is a mixtureof true refin of copahu and 
turpentine, according to Cartheufer. It is em- 
ployed in medicine in ulcers of the lungs, and 
the bladder, like the preceding. 

C. Chio turpentine flows from the turpentine 
tree, which affords the piftachia nut, terebinthus 
piftachia of Linneus ; it is of a white or blueifh- 
yellow colour. It aftords a very pure volatile 
oil on the water-bath. That which it affords 
to a naked fire is lefs fluid. The turpentine is 
afterwards vellower ; if it be diftilled with wa- 
ter, it becomes white and filky, and 1s denomi- 
nated boiled turpentine. . This turpentine, the 
only fpecies which ought to bear the prefent 
name, 1s fcarce and little ufed. 
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D. Venice turpentine, or refiñ of the larch, 
is commonly employed in medicine. It is ufed 
in its natural ftate, or combined with fixed al- 
kali. This combination is the true foap of 
Starkey, or the faponule of turpentine. In or- 
der to prepare it, the Paris difpenfatory pre- 
fcribes to pour on two parts of nitre fixed by 
the tartar and ftill hot, one part of the volatile 
oil of turpentine; to agitate the mixture with 
an ivory fpatula, and to cover the veffel with 
paper; the oil is gradually to be added until 
the whole forms a white mafs. As this procefs 
lafts feveral months, chemifts have endeavoured 
to difcover the means of making the foap in a. 
more expeditious manner. Rouelle, by tritu- 
rating drop by drop, the alkali with the foap, 
and adding a {mall quantity of water towards 
the end prepared in three hours a confiderable 
quantity of this faponule. Citizen Baumé ad- 
vifes levigation upon a ftone of one part of al- 
kali of tartar, dried fo as to enter into fufion, 
and gradually to add two or three times its 
weight of volatile oil of turpentine. When the 
mixture has acquired the confiftence of a foft 
opiate, it is put into a glafs bottle covered with 
a paper, and expofed in a humid fituation. In 
fifteen days, the deliquefcent alkali forms a par- 
ticular ftratum of the fluid at the bottom of the 
veffel; the foap is in the middle, and a portion 
of the oil which has acquired a red colour, 
floats at the top. Citizen Baumé thinks that 

the 
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the alkali unites only with that portion st the oil 
which isin the ftate of refin. Legendre extends 
this notion by propofing to faturate fixed alkali 
without heat in folution with thickened oil of 
turpentine, or turpentine itfelf. 

This faponule has a certain degree of folidity, 
which gradually becomes more confiderable ; it 
forms cryftals which have been confidered as a 
combination of the acid of the oil with the ve- 
getable fixed alkali, which, according to the 
academicians of Dijon, are only pot-afh fatu- 
rated with carbonic acid, and cryftallized. As 
this faponule is very difficult to make, and very 
changeable, Macquer thinks that when it is 
defirable to unite the properties of volatile oil 
with that of foap, it is better to incorporate 
with the white medicinal foap fome drops of the. 
volatile oil appropriated to the indication in- 
tended to be anfwered. Ammonia, triturated 
with turpentine, forms a faponaceous folid com- 
pound, which is’ very foluble in water, and 
renders it milky and frothy. - 

E: The refin of the fir is named Strafburg 
turpentine. It is colleéted by piercing the vef- - 
ficles of the bark of the tree which is very 
abundant in the mountains of Switzerland. It 
may be ufed for the fame purpofes as the pre- 
céding. 

F. Pred is the RATE juice of a kind of ges 
named Picea. It is extraéted by inciftons made 
in the bark of the tree; it is melted by'a gentle 
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heat, ftrained through a fack, and recéived in 
cafks, where it conftitutes Burgundy pitch or 
white pitch: when mixed with lamp-black, it 
is black pitch. | By long fufion it becomes dry, 
brown, and forms colophany. The coarfer parts 
are burned in an oven, which has a chimney 
terminating in a {mall receptacle ending in an 
iron pipe. In this laft the fmoke becomes 
condenfed, and forms a fine foot called lamp- 
black. | 
G. Galipot is the refin of the pine, which af- 
fords fweet kernels. This tree is tapped towards 
the lower part of the trunk, and the refin flows 
into veffels placed to receive it. Other inci- 
fions are made when the former ceafe to exfude. 
When it flows out in a fluid ftate, it is called 
galipot ; that which dries on the tree in yel- 
lowifh maffes is called barras. Thofe juices are 
liquified in boilers, and {trained through firaw. 
mats.. This mafs, caft into pieces or loaves, in 
excavations made in the fand, is called in French 
arcancon, or brai fec. If water be interpofed, 
the matter becomes white, and forms refin or 
pitch refin. The Provincials diftil the galipot in 
the large way, and obtain an oil which they call 
huile de raze. ‘Tar is prepared with the trunks 
and roots of the pine of which it is the empy- 
reumatic oil The branches of the tree are 
heaped up, covered with turf, and fet on fire. 
The oil difengaged by the heat not being ca- 
pable of exhaling through the turf, is preci- 
pitated 
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pitated into a veffel by means of a gutter, 
whence it 1s laded out, and fold under ie name 
lof tar. | 

I. Tacamahaca, gum elemi, gum anime, are 
little in ufe. The tree, which affords the firit, is 
not known; the elemi comes from a fpecies of 
amyris ; the oriental gum anime, or copal, of 
which the origin is unknown; the occidental 
anime, or courbaril, which flows from the hy- 
menæa, a treeof South America, are employed 
in varnifhes. ce 

I. Maftic has the form of white tears of a faint: 
fmell; it flows from the turpentine tree and the 
lentifc. It is ufed as an aftringent and aro- 
matic, and is an ingredieut in drying varnifhes. 

K. Sandarac has the form of white tears more 
traniparent than thofe of maftic. It is obtained 
from the juniper between the bark and the 
wood; it is alfo called varnifh by fome, becaufe 
it is much ufed in thofe preparations. It is moft 
generally known in its application upon paper, 
where erafures have been made in order to pre- 
vent the ink from fpreading. 

L. The refin of gayac, or gum gayac, which 
is greenifh, is employed againft the gout; it 
flows from the gayac by incifions. Many che- 
mifts confider it as a gum refin. 5 

M. Ladanum, or the refin of a fpecies of ciftus 
in the ifland of Candia, is of a blackith colour. 
The peafants collect it with a rake, to which are 
fufpended a number of firaps of leather, which 
they pafs in contact with the trees; they form 
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cylindric portions, which are called Jadanum in 
tortis. It is adulterated by much black fand. 
It is employed as an aftringent, and is the moft 
impure and moft ponderous of the refins. 

N. Dragon’s blood is a red juice obtained 
from Dracena draco, and many other vegetables. 
It has the form of flattened or rounded maffes, 
or of fmall fpheroides, or olives covered with 
leaves of reeds and tied together, It is ufed in 
medicine as an aftringent. 

18. It is not unufual to preferve in collec- 
tions, fometimes under the name of gums, a 
continued feries of different refinous juices of 
Africa, America, and India, which are not ufed 
in Europe, and of which it as unneceffary to 
fpeak in this place. They are known to be 
refins by their fufibility, their inflammability, 
their infolubility in water, and their folubility 
in alcohol. | 
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19. In the rapid enumeration here prefented, 
refpecting the moft common fpecies of refins, 
we have feen that thefe juices, moft of which 
are particularly confecrated to-medical ufe, are 
very far from poffefiing all the virtues com- 
monly attributed to them. Their external ap- 
plication is the moft beneficial and the beft 
known with regard to its antifeptic effe@s. _ 

20, Many of them are more or lefs ufeful in. 
the arts as combuftibles. Some nations ufe it 

for 
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for the purpofes of combuftions or illumina- 
tions, and they are employed in embalming and 
perfuming. The art of painting derives great 
advantage from them; they are the bafis of var- 
nifhes, particularly that which is named Chinefe 
varnifh. They afford oils of great value for 
painting and for fhip-building; pitch, tar, and 
lamp-black, are the produéts of thefe fubftances ; 
and in a word, there are few materials which are 
more eminently ufeful. 


ARTICLE XVI. 


Concerning the Thirteenth of the immediate 
Materials of Vegetables, namely Gum Refins. 


A. Situation. 


1. THE name of gum refin is given to cer- 
tain inflammable juices partly foluble in water, 
partly in alcohol, which are thought to be na- 
tural combinations of refins, and mucilaginous 
extractive matters. 

2. Thefe juices are contained in the proper 
veffels of a great number of vegetables, none of 
their parts being deprived of them; or rather 
they are found in the foots, the ftems, the leaves, 
the flowers, and the fruits of many plants. 

3. We muft neverthelefs obferve, that thefe 
two laft kinds of organs, the flowers and the 

Vou, VIT. D | fruits, 
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fruits, are moft commonly without the fub- 
ftance, as alfo are the feeds, and that it is moft 
particularly found in the roots, the ftems, and: 
the leaves. Thefe three claffes of vegetable 
parts are in faét thofe in which Grew, Malpighi, 
Bonnet, and Duhamel, found the greateft abun-. 
dance of proper veffels frequently placed in af- 
femblages beneath the bark, or im the firft lig- 
neous firata. 


B. Extradion. 


4. THERE is this very fenfible difference be- 
tween refins and gum refins,, that the latter be- 
ing included in the proper veflels, are never 
extruded from the plants; whereas. the refinous 
juices flow fpontaneoufly on the furface of vee 
getables, where they dry and become condenfed 
in the form of priate tears. “Phe gum refinous ~ 
juices, on the contrary, being concealed in the 
inner parts of plants never flow out, and art 
alone can extract them from the channels in’ 
which they are contained. 

. 8. When the texture of a recent vegetable is 
broken in thofe parts which contain gum-re- 
finous juices, they iffue forth in white, yellow, 
or varioufiy-coloured drops always opaque or’ 
milky, refembling emulfive fluids. If the parts : 
charged with thele juices be pretfed, or if, after 
having colleéted a fuficient quantity by the’ 
flight efflux which follows their incifion, by re- 
ceiving the fame from a large quantity of ve- 
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getable matter, at the fame time this juice may 
be condenfed by the rays of the fun, and the 
elevated temperature of a hot climate, fuch as 
favours the vegetation of this genus of plants. 
In this manner the gum-refins are obtained. 

6. Such is the general procefs which is fol- 
lowed to procure them. ‘The vegetables which 
contain them are cut or notched when full of 
juice ; the juices are collected by leaving'the ve- 
eetables to emit the opaque fluid they contain ; 
this is expofed in a thin firatum to the rays 
of the fun in Africa, America, or the Eaft- 
Indies; where it condenfes, evaporates, and 
becomes thick, and at laft dry. ‘It is in:this 
complete fiate that the eum-refins are met with 
in the market. — 


{ 


C. Phuyfcal Properties. 


= 


7. THE gum-refins, extracted and prepared 
by the means here pointed out, are folid brittle 
bodies, almoft always opaque, in irregular tears 
or fragments often adhering to each other, or 
by means of a pafte which connects them to- 
gether. Moft of them have a confiderable odour © 
ufually of a fetid or garlic finell, with an acrid 
difagreeable, bitter, and naufeous tafte. 

8. Their colour in the different fpecies is fin- 
gularly varied; but a yellow rufty colour is ge- 
nerally predominant. They are not in general 
proper eleétrics, like the refins, nor do they 
equally well intercept the courfe of the ele@ric. 

D 2 fluid, 
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fluid. They are not fufible in the fame manner 
by heat, and they become changed inftead of 
flowing like them by the action of heat. 


D. Chemical Properties. 


9. Tuoucu few chemical experiments have 
yet been made upon thefe fubftances, except 
certain very incomplete analyfes, and no truly 
connected refearches have been made upon the 
eum refins, there neverthelefs exift in the midft 
of the affays of pharmaceutic operations upon 
thefe bodies fome general phenomena which may 
ferve as characters to diftinguifh them from the 
other immediate materials of vegetables, and 
which may be confidered as properties belonging 
to the whole genus: the following may be con- 
fidered as generic qualities. 

10. All gum refins burn, dry, fwell and emit 
fetid vapours without taking fire: at firft when 
heated upon burning coals they afford by diftilla- 
tion, befides the volatile oils, ammonia com- 
bined with an acid; and leave a voluminous 
faline charcoal. They alfo afford much carbonic 
acid gas by diftillation. 

11. They all unite with water by trituration; 
and form a kind of emulfion, or milky turbid 
liquor, which by the action of fire or of the air 
depofits a portion of refin, and retains in folution 
a fubftance rather extraétive than gummy or 
mucilaginous. Their folution in water is fre- 
quently acid. ‘The concentrated fulphuric acid 

decompofes 
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~ decompofes and carbonates them. The nitric 

acid converts them partly into oxalic acid. 
The weak acids diffolve them, and the acetous 
acid has long been confidered as their {pecific 
folvent. | 

12. The alkalis have not the fame inactivity 
with regard to the entire gum refins as with re- 
{pect to the true refins; and when in pharmacy 
thefe fubftances are ufed to diffolve, as it is pre- 

tended, the refin by boiling woods or barks in 
water---it is not the refinous principle which the 
alkalis thus abundantly take up, but the por- 
tion of extractive matter oxigenated and become 
infoluble, as I have elfewhere fhown ; that is to 
fay, a true gum-refinous matter, for this extrac- 
tive matter being united to the alkali in that.cafe, 
carries with it a {mall portion of refin. The fame 
obfervation is applicable to magnefia, when eme. 
ployed to the fame purpofe. 

13. Among the immediate materials of vege- 
tables, which have fome aétion upon gum-refin, 
we muft reckon the mucus, fugar, and non- 
oxigenated extraétive matter, which render it © 
either foluble in water, or mifcible in that liquid, 
as all the pharmaceutical operations prove which 


are ufed for the medical adminiftration of this 
fubftance. 


EL. Species, 


7 ° * : 
14. THE gum-refinous juices are extremely 
numerous in plants, and may be diftinguithed 


into 
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into an immenfe variety of fpecies; but we do 
.not in this place treat upon more than thofe 
which are moft generally known and employed 
either in medicine, where they are confiderably 
ufed, or in the arts. 
+ A Olibanum or incenfe has the form of yellow 
tranfparent tears, of a ftrong and difagreeable 
odour when burned. It flows on the banks of 
the red fea, from a kind of juniper or thurifera, 
By heat it affords volatile oil, an acid liquor, 
and leaves charcoal, owing to the extractive 
part it contains. In medicine it 1s ufed for at- 
tenuant fumigations. Notwithftanding its name, 
this is not the gum-refinous body which is burned 
as incenfe, for its odour is acrid and fetid; we 
fhall fee that the balfams are employed for that 
-purpofe. ‘att 

8. Galbanum ts a fatty juice of a brown-yel- 
low, and naufeous odour, It flows in Syria, in 
Arabia, and at the Cape of Good Hope, from 
incifions made in a ferulaceous plant called by 
Linneus, Bubon galbanum. Its fmell is mani- 
feftly that of garlic. When diftilled by naked 
fire it affords a blue volatile oil, which becomes 
red by keeping, together with an acid liquor and 
an heavy empyreumatic oil. It is a very good 
attenuant, and a powerful antifpafmodic, and 
-1s an ingredient in many platters and unguents, 

C. Scammony is of a blackifh-grey colour, 
of a ftrong and naufeous fmell when pounded or 
heated, and of a bitter and very acrid tafte. We 
diftingutth that of Aleppo, which is the pureft, 

in 
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in contorted. fragments, covered with a grey 
homogeneous powder ; and that of Smyrna, which 
is heavy, black, and mixed. with foreign fub- 
ftances, It is extracted from the Convolvulus 
of Linneus. The root of that plant cut and 
~expreffed on the place or in the earth, affords a 
pale juice, which is collected in a cavity formed 
in the lawer part of the root, and which becomes 
black as it dries. Scammony contains a various 
quantity of extract or refin, according to-the 
different famples : in confequence of which it 
produces very different effeéts in different pa- 
tients. It is ufed as a purgative in the dofe of 
two or three decigrams to fix or eight; when 
mixed with a mild extraét, fuch as that of li- 
quorice, it formsthe common diagrydium ; and 
for this purpofe alfo the juice of quinces is ufed. 
It is commonly adminifiered by trituration, with 
fugar and fweet almonds, in the ftate of an 
emulfion. We are not yet in poffefiion of a good 
analyfis of this gum-refin, which is much em- 
ployed in medicine, as well as moft of the gum- 
refinous juices, | 

D. Gum guttæ or gamboge has the form of 
cylindrical mafies, Ma à in the middle, fluted 
without, of an orange-yellow colour without 
finell, but of a very acrid and corrofive tafte. It 
comes from Siam, China, and the ifle of Ceylon. 
It is extracted va a large tree which is little 
known, but denominated Coddam in the coun- 
try, and Cambogia by Linneus, who placed it 
ju the polyandriamonogynia, It is diffufible in 
| water, 
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water, in which it forms a kind of yellowith 
emulfion ; its acrid property appears to be owing 
much more to the extraét than the refin which 
it contains; it is ftrongly purgative in the dofe 
of from two decigrams to four or five: It mutt 
not be employed internally without. the greateft 
caution: the alkalis greatly diminifh its acrid- 
nefs. Painters ufe it much as a fine golden-yel- 
low pigment ; it mixes very well with fixed and 

volatile oils. 3 
E. Euphorbiumis in yellow tears, worm-eaten 
or corroded, in {mall contorted cylinders, full 
of holes, of a cauftic tafte, and without fmell. 
It flows from incifions in the euphorbium, in 
Lybia and Mauritania; it is colle¢ted round the 
thorns of this plant, upon which it becomes 
condenfed and formed. It contains a very acrid 
refin, and is fo firongly purgative, that it is , 
reckoned among the poifons: It is feldom em- 
ployed but externally in mortifications, of which 
it {tops the progrefs, or as a detergent in ulcers. 
F, Affa fœtida is fometimes in yellowith tears, 
and moft frequently in maffes formed of various 
parts agglutinated together, of a ruity colour, 
fhaded with different degrees of yellow. Its 
garlic fmell is extremely fetid, and its tafte 
bitter, naufeous, and difagreeable, is fufficiently 
diftinguifhed among all the other gum refins. 
_It is extracted from the root of a kind of ferula, 
which grows in Perfia, in the province of Cho- 
yafan, and which Linheus has denominated 
affa foctida, The root of this plant is flethy and 
fucculent ; 
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fucculent ; it affords by preffure a white juice of 
an abominable fmell, which the Indians ufe as a 
condiment which they call food of the Gods, a 
very fingular contraft with the name of Stercus 
Diaboli, which is given to it in Europe. When 
diluted in water, affa fœtida oppofed by this 
name to that of affa dulcis, formerly given to 
benzoin, forms a kind of milk or turbid liquor 
of a ruddy white, and very expanfible odour, 
which infeéts a great fpace. It is internally 
ufed as a powerful antifpafmodic, and applied 
externally as a difcutient. | 

G. Opoponax is.a gum-refinous juice in irre- 
gular plates, of a dark or rufiy yellow, ftrong 
garlic fetid {mell, with an acrid, bitter, and very 
difagreeable tafte. It is extraéted from the pafti- 
naca.ppoponax of Linnæus, in Perfia, in Turkey, 
and even in fome hot countries of France and 
Italy. 

_ This juice is fuppofed to contain equal parts 
of extractive and of refinous matter. It is ufed 
In medicine as an attenuant, and enters into the 
compofition of feveral platters. 

H. Bdellium is a brownith juice, fuppofed to 
be very analogous to galbanum. Its origin is 
not known, Enlightened botanifts confider it 
to be very different from that of the ancients, 
which was highly efteemed. | 

It is thought to be compofed of nearly equal 
parts of extractand of refin. It has lefs tafte and 
. fmell than galbanum, and'is manifeftly inferior 
toitin virtue. [tis at prefent fcarcely at all 

employed 
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employed in medicine, though it fill conftitutes 
an ingredient in fome pharmaceutie compofi- 
ions. | 

J. Sagapenum is oum-refinous juice in white, 
yellowith,-or rufty tears, of a difagreeable and 
infupportable fmell when thrown on lighted 
coals. [ts tafte is acrid, bitter and repulfive. 
It comes from Egypt, Perfia, and India; but 
the tree which furmifhes it is unknown. 

In general this veget: able juice refembles in its 
properties die ammoniacum, galbanum, opo- 
ponax, &c. Ali the gum refins having a garlie 
flavor appear to see proper juices of UD eo 
plants. Sagapenum is no longer particularly 
ufed. 

kK. Sarcocolla, a refinous gummy juice, fo 
denominated becaufe the property of clofing 
— wounds avas formerly attributed to it, is known 
by its figure in fmall grains refemb ling thofe-of 
millet, oP a white, yellow, or red colour. It 
has no fmell, and its tafte is bitter and naufeous. 
It comes from Perfia and Arabia, from an un- 
known vegetable: it contains more extraét than 
refinous matter. Its fuppofed virtues are no 
Jonger credited, and it is ufed only in a few 
compofitions. | 3 

Z. Myrrh is a concrete juice in reddifh bril. 
liant tears, frequently covered with a rufty co- 
Joured powder, ef a firong but agreeable fmell, 
avith a bitter and rather afiringent tafte, and pre- 
“fent in their fracture, white lines of the form of 
a nail. Some of thefe tears are entirely gummy, 
? infipid 
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infipid and infoluble in water. It has the ap- 
pearance of a mixture. Myrrh comes from 
Egypt, and particularly from Arabia, the ancient 
country of the Troglodites. The plant which 
affords it is unknown: it contains much more 
extractive and mucilaginous matter than refin. 
When it is pulverized and held for fome time in 
the mouth, it foftens and becomes white and. 
ductile like wax. It is ufed in medicine as a 
very good ftomachic, antifpafmodicand ftrength- 
ener. Cartheufer recommends it to literary 
men who have a delicate ftomach, to chew 
and fwallow it diluted in the faliva. It is ufed 
in furgery to cleanfe ulcers, and to ftop the pro- 
grefs of caries. It is employed in powder or 
diffolved in alcohol. 

MM. Gum ammoniac is fometimes in fingle 
tears, white within, and yellow externally, and 
often in maffes refembling thofe of benzoin, 
formed of white tears, connected by a more co- 
loured and adhefive juice. Their white colour 
and fetid fmell eafily ferve to diftinguifh them 
from benzoin, which they confiderably refemble. 
Tt is fufpeéted that this gum-refin which comes 
to us from Africa, is obtained from an umbel- 
liferous plant, on account of the feeds which are 
mixed with it; but we do not know the plant 
which produces it, the manner of its growth, 
nor the mode of its preparation. 

The phenomena of the folution of this fub- 
fiance by water and by alcohol, and particularly 
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its inflammability fhow that it refembles the 
refino-extratts of Rouelle, 

Gum ammoniac is ufed in medicine as a very 
good attenuant in obftinate obftruétions. It is 
given in the dofe of a few grains in pills, or in 
emulfion. Jt likewife enters into the compofi- 
tion of a number of attenuant plafters, as well 
as the other gums before defcribed. 


FEF, Ufes. 


15. Tur foregoing account of the principal 
fpecies of gum-refins proves that their ufe is 
particularly applicable to medicine, and fcarcely 
at all to the arts, if we except the flight em- 
ploy which fome of them have as pigments. 

16. It is very remarkable that the gum-refins 
are either purgative, draftic, and even almoft 
cauftic, or elfe antipafmodic ; fo that they may 
be divided into two genera with regard to their 
medicinal properties. 


ARTICLE XVI. 


Concerning the Fourteenth of the immediate 
Materials of Vegetables; of Caoutchouc, or 
Llaftic Refin. 

A. Situation. | 
1. CAOUTCHOUC, or elaftic refin, very 
improperly called elaftic gum in the arts, is one 


of 
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of thofe vegetable matters of which it has been 
difficult, if not impoffible,. to determine exactly 
the nature, fo far as to compare it with the 
other immediate materials, and to place it in 
the clafs either of refins or concrete fixed oils, 
which it refembles. By comparing all its pro- 
perties with thofe combuftible matters, we foon 
difcover that it is 4 particular principle really 
different from every one of them, and that it 
is only remotely analogous tothem. It is nei- 
_ ther a fixed oil, nor a refin, nor a gum-refin, but 
a peculiar fubftance itfelf. 

2. I place it as one of the immediate mate- 
rials of vegetables, becaufe it appears that we can 
extraé caoutchouc from various American trees, 
and that it is not peculiar to the juice of the 
hevea of Aublet. Some botanifts, particularly 
travellers, affure us that elaftic refin is obtained” 
_ from various trees of thofe countries, and that 
it is prepared by condenfing and evaporating 
the mixture of a number of thofe juices. 

3. It isin an order of proper veffels that this 
white juice, refembling an emulfion and to that | 
which the gum-refins afford, is contained. It 
appears to exift particularly under the bark of 
the hevea. Some have apprehended that feveral 
' laétefcent plants of our temperate climates, par- 
ticularly fome fpecies of Euphorbia, might af- 
ford a fubftance analogous to caoutchouc ; and 
though the firft affays have not yet produced 
an authenticated fuccefs, this view is far from 
being improbable, 

| B. Extraëlion. 
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B. Extradion. 


4, In America, particularly in Guiana, inct- 
fions are made acrofs the bark of the hevæa to 
its ligneous part. The white juice which flows 
out is received in a veffel. As the only intention 
for which it is collected is to fabricate veffels, 
or a kind of pear-fhaped bottles, this juice is ap- 
plied in layers upon moulds of dry clay: each 
layer is dried in the fun or by the fire, the fmoke 
of which colours them of a deep fawn or brown 
colour. The fucceflive application of thefe 
{trata 1s continued until the veffels are rendered 
as thick and as ftrong as may be defired. ‘The 
natives of the country employed in this labour 
terminate it by ufually making defigns or va- 
rious engravings with points of iron. When the 
juice has become thick, concrete, and folid, the 
brittle earth which formed the mould is cruihed, 
and fhaken out in {mall fragments through the 
aperture of the veffel. 

5. In this operation, the juice of the hevea 
becomes concrete ; but this is not effected, as 
has been fuppofed by the mere evaporation of 
its liquid part, or the water feparated from the 
elaftic matter. I have afcertained another caufe 
of this feparation, which is a true concretion. 
‘ Texamined the juice of the hevæa, which was 
fent me from the Ifle of Bourbon or Reunion, 
as ae as that of Cayenne and the Brazils. 

Thefe 
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Thefe threé juices might not perhaps be from 
the fame tree, but they exhibit exaétly the fame 
properties with regard to the formation of the 
elaftic fubftance. Back contains a white turbid 
liquor, of an infupportable fetid finell, im the 
midft of which is a white concrete matter, 
rather fpongy at its furface, very elaftic, of a 
foft, fine, and clofe texture, which was the true 
caoutchouc: in a word, very pure, and of a 
quality much fuperior to that of the utenfils 
prepared out of this fubftance in America. 
Thefe folid and elaftic concretions had the form 
of the bottles that contained them, but were 
 lefs in fize: they had been depofited by time 
and without evaporation, for the bottles were 
very well clofed, aud had loft nothing. The 
juice which was contained in them, when ex- 
pofed to the air, became very fpeedily covered 
with a cruft of elaftic gum. I accelerated the 
formation and feparation by combining the ac- 
tion of caloric with that of the air. Ina vef- 
fel filled with oxigen gas, the liquid afforded 
an elaftic pellicle more fpeedily, and a very fen- 
fible abforption of gas took place. Alcohol fepa: 
rated flakes, and the oxi-muriatic acid partially 
formed an elaftic precipitate. 

.6. From thefe experiments I have concluded 
that caoutchouc.is ready. for med. in the juice of. 
the hevæa, and is capable of being feparated 
in the concrete form ; that a portion is neverthe- 
lefs not complete enough to be depofited with its 
Pise 0 | elaftic 
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elaftic property ; that it appears to want only à 
fmall quantity of oxigen to complete its pro- 
perties; that in un manner the contaét of 
the air, the oxigenated muriatic acid had 
aéted upon this fubftance ; and that the atmof- 
pheric oxigen influences the concretion and 
folidification of caoutchouc in the fabrication 
of utenfils which are made in the hot countries 
where the hevea grows. From thefe notions I 
have propofed to import into France the juice 
of the hevæa, by adding the cauftic alkali which . 
prevents the elaftic fubftance from precipitat- 
ing, in order that we might be able to fabricate 
all the proper utenfils, or to plunge moulds 
inthe juice upon which it might fpontaneoufly 
depofit the caoutchouc in a much purer ftate 
than the concentrated and thickened juice 
which is ufed one ftratum after another. 

7. We fee alfo that the pureft caoutchouc is 
that which is feparated in this manner fponta-" 
neoufly from the juice of the hevea while kept 
in clofe veffels ; that our experiments ought ra- 
ther to be nine upon this than upon the Scan 
formed veffels in order to determine its nature, 
and that it may be highly ufeful to employ 
this white concrete juice fo depofited for the 
purpofes to which it is adapted, and which I 
fhall point out at the end of the prefent article. 


C. Phyfical 
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C. Phyfical Properties. 


8. Pure caoutchoue is white or flightly fawn 
coloured, extenfible, elaftic, compreflible, refum- 
ing its original dimenfions as foon as the ex- 
tefniat BCE : is withdrawn. : Its texture is denfe, 
brilliant, fibrous, and fmooth, like that of an . 
animal fubftance; it is foft and becomes fofter 
by heat, and by this fimple procefs it may be 
moulded into any defired form. Cold rue 
it in part of, its properties. 

9. Its fpecific gravity to that of water is as 
9,335 to 10,000. It has neither tafte nor fmell. 
When cut, and the parts preffed together, they 
unite fo intimately that they cannot be feparated, 
but form an homogeneous folid. This valuable 
property is frequently ufed for conneéting frag - 
ments and flips of this fubftance. 


D. Chemical ae 


~ 


10. Cicuri nice, expofed to a violent heat, 
becomes foft, melts, fwells up, emits a fetid 
odour, curls like fome animal fubftances, and at 
length takes fire with a bright oily flame; from 
‘which property it is ufed in its native country 
for giving light, in the manner of a torch or 
flambeau. When heated in a filver fpoon, it be- 
comes converted into a kind of black oil, which 
remains greafy and adhefive, though expoted 
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for feveral months to the air, and never again 

aflumes its elaitic property. When diftilled in 

clofe vefiels, it affords a fmall quantity of turbid 

water, charged with an ammoniacal falt not 

yet well known, a denfe brown oil, partly con- 

crete and fetid, with carbonated hidrogen gas 

and carbonic acid gas. It leaves a fpongy coal 
in little abundance, with very flight traces of 
faline matter, and difficult to be burned. By 
thefe produéis we may obferve that it approaches 

to the gluten of animal matters. 

11. No union is known between fimple 
combuftible bodies and caoutchouc. The air 
produces no alteration in it. Boiling water 
foftens it, fwells it like a fkin, gives it femi- 
tranfparence, but does not diffolve it. Caout- 
chouc thus foftened is very foluble in ether, 
though it is not fo in its natural ftate. We are 
indebted to Pelletier for this difcovery, who has 
folved the problem fo long fought refpecting the 
folubility of Caoutchouc, announced by Mac- 
quer in 1768, but which all chemifts have 
found either difficult or impoffible until this 
explanation was given by Pelletier. 

12. The powerful acids with fimple radicals 
aét upon caoutchouc. : Concentrated fulphuric 
acid reduces it to the coaly ftate, and blackensit “ 
at the fame time that itfelf becomes fulphureous. 
The nitric acid attacks, corrodes, and renders 
- it yellow like cork, changes it into oxalic acid, 
and a fatty matter. The other acids have no 
action upon it; the cauftic alkalis do not alter 

it, 
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it, nor reduce it to the faponaceous ftate, which 
proves that it does not truly refemble the fixed 
oils. The falts do not attack it, nor change its 
properties. The action of the oxides and me- 
tallic folutions upon jhefe bodies have not yet: 
been examined. | ) lente 

13. Among vegetable matters, the oils are the 
only fubftances which have an evident action 
upon caoutchouc. Fixed oils boiled upon this 
fubfiance diffolve it, as they alfo do melted 
wax ; but it remains adhefive and vifcid in the 
folutions. The oils of lavender, afpic, and tur- 
pentine diffolve it by the affiftance of a gentle 
heat; but the vifcid combination remains ad- 
hefive, incapable of drying, fticking to the 
hands, and in faét of no utility. By the mix- 
ture of fixed and volatile oils it is diffolved, in 
order to form that fat and flexible varnifh which 
is laid upon filk: A folution of caoutchouc 
in oil of afpic, mixed with alcohol, throws down 
white flocks, infoluble in hot water, which re- 
main at the furface of this laft fluid, and become 
white and folid like wax by cooling. Berniard, 
to. whom we are indebted for this experiment, 
thinks that it precipitates a true concrefcible 
fixed oil; but this affertion is far from being 
fufficiently accurate to be confidered as well 
eftablifhed, 4 


as E. Species. 
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14. We are not yet acquainted with many 
fpecies of caoutchone, though it is probable 
there may be feveral different from each other, 
if not from their chemical characters, at leaft 
with regard to their origin. From what has al- 
ready os ftated, we know that there is a white 
and pure caoutchouc depofited from the juice 
in clofed veffels, and an impure caoutchouc 
dried in the air and in the fmoke; but the latter 
differs from the former only in certain impurities 
which change it, and of which it ts poffible to 
deprive it by the fucceffive action of water, air, 
and of alcohol, affifted by heat. 

15. When we fhall be better acquainted with 
the hiftory of the different trees which are 
capable of affording caoutchouc, and when 
their produdts fhall have been comparatively ex- 
amined, we fhall be able to diftinguifh, if not 
the fpecies, at leaft the modifications and va- 
rieties of this juice, and we fhall then know whe- 

ther we may hope to difcover, in the plants and _ 
trees of our temperate climates, any materials 
capable of affording to > the arts a fubftance of 
a fimilar nature. 


Ti NUE 


16. WE may eafily conceive that a hard, folid 
DE unchangeable in the ee infoluble : in wa- 
| ter, 


> 
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ter, not attacked by the greater part.of the fol- 
vents, and which, to thefe valuable qualities, 
joins the till more valuable quality of being 
powerfully elaftic, mutt prefent a great number 
of important ufes to the arts: in medicine it is 
employed for the fabrication of bougies, pef- 
faries, bandages, and a great number of furgi- 
cal utenfils, proper to diminifh or even to cure 
a great number of diforders.. We muft obferve 
that all thefe utenfils are capable of becoming 
foft, and extended by the heat and contaét of 
animal humours, and confequently that it is ne- 
ceffary to attend to this property, in order to 
give fuch a form to the article in queftion as. 
may admit of the augmentation of volume they 
undergo., In order to make catheters of pure 
caoutchouc, this fubftance, foftened and fwelled 
by water, is diflolved in ether, and its folution 
applied in fucceffive layers upon moulds of 
wax, which are afterwards melted out in boiling 
water. | 
_ 17. In countries where the trees which afford 
this folid, elaftic and inflammable juice grow, 
flambeaux and torches are fabricated, which 
'ferve to give light, and alfo veflels and inftru- 
ments ariptieable to many ufes. .Thofe vefels 
retain water and various liquors very. well, ‘and 
communicate neither, tafte nor fmell to them. 
Boots and thoes are made of it, which are very 
durable, and yield to the motion of the parts. 
18, In Europe, the bottles or veffels of caout- 
shoue which: are imported and cut into ect 
or 
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or ftripés, are ufed to efface lines of black-lead 
pencils, and alfo for garters, for elaftic re-action- 
pieces in machinery, and particularly for in- 
firuments of natural philofophy and chemiftry. 
It is diffolved in oily mixtures, to be applied as 
a varnifh impenetrable to water upon filk for 
the purpofe of clothing, or the conftruétion of 
aeroftatic machines. But moft of thefe var- 
nifhes have the inconvenience of foftening and 
becoming very adhefive when expofed to the 
rays of the fun or to heat. 


Articyre XVIII. 


Concerning the Fifteenth of the immediate 
| Materials of Vegetables ; Balfams. 


A. Situation. 


1. BUCQUET was the firft chemift who diftin- 
guifhed, in 1774, the natural balfams from the 
refins and gum-refins, by confidering as fuch 
the refinous juices which are conftantly united 
to an acid, namely, the benzoic acid. and: by 
giving them as proper charaéters, that of afford- 
ing this concrete acid by fublimation with on 
action of fire,: and giving’ acidity to: water, 
whic h they were fixée aiid boiled for a dear 
time. This denomination fo determined, at laft 
fixed. the value of the term, which was till then 

vague 


BALSAMS. 55 


vague and uncertain, becaufe it was before attri- 
buted to refinous juices, as well on account of 
their liquidity as their fragrant and agreeable 
{mell, and alfo to oily and alcoholic compounds, 
to which this property was communicated by the 
mixture of feveral matters more or lefs odorant. 
It is with fo much more propriety attributed to 
bodies of this genus, becaufe the aromatic vo- 
latile acid they contain gives thema lively fmell. 

9. All that has been faid refpeéting the pro- 
perties of volatile oils, leaves no doubt refpeéting 
the acidifiable characters of thefe fubftances, and 
confequently their origin and the formation of 
natural balfams, becaute thefe appear in fact to be 
merely volatile oils, of which the oxigenation has 
converted part into refin, and part into acid: 
and accordingly thefe matters appear to poffefs 
the fame fituation in vegetables as thofe oils ; 
and though the natural Dalia are yet little em- 
ployed and known but in a fmall number, the 
number is futficient to.confirm this notion, and to 
allow us to regard thefe products as exifting in 
many of the parts of vegetables. 


B. Extradion. 


3. We have yet few accurate notions refpeét- 
ing the manner in which moft natural balfams 
are procured. We fee neverthelefs by the ex- 
ample of the balfam of Peru, that thefe matters 
flow from trees in the foft and. vifcid form of 
turpentine, fince they are colleéted in, entire 
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_ cocoa-nut fhells, in which they becothe con- 
denfed and folid. : 

4. When we fhall be more intimately ac- 
quainted with the great number of vegetables 
that contain balfamic juices more or lefs con- 
crete, and volatile otls converted into refins or 
acids, we {hall be able by applying proper folvents 
or more particularly alcohol, to obtain thofe im- 
mediate products, and increafe the clafs of ma- 
terials fo important for the arts. This practice 
4s already confiderably advanced, without a pro- 
-per attention to the progrefs of the fcience, ‘by 
‘treating feveral vegetable matters with alcohol, 
which, as we fhall fee in the expofition of thefe 
fpecies, are really charged with balfam. A kind 
of folid balfam is fabricated by condenfing in 
the air, or Dy heat, fuch volatile oils as are moft 
| difpofed to acquire this ftate of refin or of acid, 


C. Phyfcal Properties. 


5. Fhe balfams can never be as liquid and as 
light as the volatile oils, becaufe they are always 
produced by an alteration in thefe laft. ‘They are 
therefore condenfed vifcid juices, flowing with 
flownefs and difficulty, fpeedily affuming the 
concrete form of a brown or ruddy colour, of an 
agreeable aromatic fmell when comprefied, rub- 
bed or heated, and particularly when perforated 
with an ignited pin. 

6. Their fpecific gravity hes between 1, 1 and 
1,0. They all exhibit an acrid and ftrong 
| fmell 

: a 
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fmell when mafticated fora time, They redden 
blue vegetable colours when their powder is 
_ mixed with thofe colours diffolved in water. 
When heated they melt, and foon exhale à white 
vapour of a very ftrong and penetrating fmell. 
By cooling after fufion they prefent on their 
furface a white needied or {nowy powder. The 
heat which fufes them produces alfo a partial de- 
compofition, | 


D. Chemical Properties. | 


7. All the chemical properties of the natural 
balfams fhow that thefe fubftances are compounds 
of refins and benzoic acid. Many of thefe pro- 
perties being analogous to thofe of the refins, 
we fhall infift only upon fuch as are proper to 
diftinguith them, and which are owing, as We) 

fall fee to the prefence of benzoic acid in thefe 
juices. 

8. When they are heated ftrongly with the 
contact of the air, they afford during their fu- 
fon and {welling up, a very odorant white fume, 
of a fharp acrid fmell, exciting cough and tears, 
which when diffufed in the air, communicates 
an agreeable perfume. It is the true incenfe. 
When heated in clofed veffels, the fubftance of 
this vapour becomes condenfed in cryftalline 
needles, or plates, of an acrid nature. In a word, 
we obtain the benzoic acid of which I have 
fully treated in one of the preceding articles, 
and which amounts to one fifth of their weight. 

After 
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After having afforded this product, the refidue 
15 fimply a ch | 

9,. In the air they are not liable to ee 
though expofed in a dry and concrete ftate ; if 
they. be ftill foft they dry and fometimes fuffer a 
finall portion of their acid to exhale, when the 
airis very hot, which efflorefces on their furface, 
and covers them with a powder refembling fnow 

or fmall white needles, which have been ‘called 
the flowers of certain fubftances. 

10. The water in which they are boiled foftens 
and fufes them, and diffolves part of their acid, 
which may even be obtained feparate and cryf- 
tallized by cooling, as Geoffroy firft fhowed at the 
commencement of the eighteenth century ; but 
we cannot obtain by this means more than a 
fmall portion of their benzoic acid; the greateft 
part remaining fixed and enveloped by the fufed 
refin: fo that we cannot have an accurate 
analyfis by this procefs, which merely proves 
that the balfams contain a concrefcible and vo-. 
latile acid. | sa 
© 11. The acids do not aét upon the balfams; 
the alkalis feize their benzoic acid and form 
foluble benzoates. Lime is more particularly 
employed to attract the acid, after the manner of 
Scheele, as I have already obferved in the ar- 
ai of acids. 

. The balfams are foluble like the DIE in 

Dia’ FR be volatile oils, and form folu- 

tions of different degrees of denfity and vifcidity, 

which are frequently prepared for pharmaceutic 
ufes. 

E. Species. 
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13. T nave already obferved that more ve- 
getable balfamic fubftances exift than are reckon- 
ed in the materia medica, Hitherto we have 
known only benzoin, the balfams of Peru 
and Tolu, which are confounded together, and 
{torax, to which muft be added the common 
ftorax of the fhops, as a variety of ftorax. T 
add to thefe well-known fpecies the balfam of 
Vanilla and that of Canella, becaufe thefe two 
fubftances contain volatile oil and benzoic acid, 
in the proper condition to form true balfams. — 

A. Benzoin: two forts are diftinguithed, the 
benzoe amygdaloides, formed of white tears 
refembling almonds, conneëted by a brown ce- 
ment. It refembles our nougat. Common ben. 
zoin is brown, and without tears; it emits a very 
pleafant odour when fufed, or when punctured 
with a heated needle. The tree which affords 
it is little Known. Driander calls it ftyrax 
benzoiferae Murray however obferves that the 
bark of the wood of this tree emits the odour of 
benzoin even when burned. According to him 
it is very doubtful whence this balfam comes, 

Benzoin isexported from the kingdomofSiam, 
and the ifle of Sumatra. It affords very little 
volatile oil on account of its folidity. Boiling 
water extracis an acid falt in needles, of a {trong 
fmell, which cryftallizes by cooling; it is alfo 
obtained by fublimation, and was formerly called 
flowers 
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flowers of benzoin. This operation is made in 
two glazed earthen veflels, one above the other, 
and luted together with paper. For this pur- 
pofe a very gentle fire muft be applied, otherwife 
the falt will be brown. The paper cone which 


was formerly ufed for this purpofe fuffers much 


of the concrete acid to efcape. I have fhown 
the properties of this acid in one of the preced- 
ing articles. Benzoin afterwards diftilled by the 


retort, affords a very acid phlegm, a portion of 


concrete and brown acid, brown and thick oil, 
and a coal which remains contains a {mall quan- 
tity of pot-afh, and fome traces of ISIE: and 
calcareous falts. : 
Benzoin 1s foluble in alcohol, and its tinéture 


precipitated by water conftitutes the lac vir- | 


ginale. The falt of benzoin or benzoic acid is 
employed as a good detergent in pituitous dif- 
orders of the lungs or the reins. Its oil is dif- 
cutient, and is externally ufed for paralyzed 


limbs, &c. Benzoin in a crude ftate is ufed as 


incenfe. | | 
B. Balfam of Tolu. This, comes to us in 
yellowith tears, or in a fluid ftate. It flows 
from the toluifera, placed by Linneus in the 
clafs of the decandria monogynia. We receive 
it from South America, between Carthagena and 
Nombre-de- Dios, which the iflanders call Tolu, 
and the Spaniards Honduras. It affords by 
analyfis the fame produéts as benzoin, and par- 
ticularly a concrete acid falt ; itis ufed in dif- 
orders of the lungs, and is mate into a fyrup. 
ie | . CG Balfam 
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C. Balfam of Peru: modern saa sine diftin- 
_guifh balfam of Peru from that of Tolu. It 
flows in faét from a different tree, and comes to 
us in reddifh tears, or elfe inclofed in cocoa-nut 
fhells. It is extra¢ted by plunging thofe fhells 
in boiling water, which foftens it, and caufes it 
to flowout. It prefents the fame chemical pro- 
perties, and is applied to the fame ufes as the 
preceding balfam. Its fmell is fomewhat dif- 
ferent when immediately compared with that of 
balfam of Tolu. 

D. Storax is a folid balfam, in red dry tears, 
or elfe brown and adhefive: it has a very ftrong 
fmell. It flows from the oriental liquid brviieer, 
a plant little known. Duhamel obferved a juice 
of the fame fmell flow from the aliboufier. 
Neumann analyzed pure ftorax, and obtained 
very little volatile oil, a concrete acid falt, and 
a thick oil. Pita 4 

Its ufe is fimilar to that of benzoin ; it is ef- 
pecially employed for perfumes. 

Formeriy it was imported enclofed in reeds, 
on which account it received the name of fiyrax | 
calamita : at prefent it is brought to us in the 
form of cakes, or irregular mafles, of a reddifh- 
brown colour, mixed with fome tears of a 
lighter tinge, and of a very pleafant fmell. 

“The common fiyrax, employed for the prepa- 
. ration of the ointment which bears its name, is 
a liquid juice proceeding from the fame tree as 
the fiorax ; it is the groffeft and moft impure 
ae of the liquidambar ; ; it contains much im- 

purities 
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purities, and portions of bark. Citizen Bouillon- 
la-Grange has made a chemical examination of 
it; he has found that it becomes clotted, and 
much fwelled by the action of the fire; that 
much of it is loft in attempting to purify it by 
fufion and ftraining, as has been propofed in 
pharmacy. He has extraéted benzoic acid from 
it in confiderable abundance by means of lime; 
has propofed to purify it by means of alco- 
hol, and to employ it thus purified for the pre- 
paration of the ointment. When obtained by 
this procefs, it affumes moft of the properties of 
true ftorax. 

E. Ladmit a balfam of vanilla, though it is 
not yet known, and has not been extracted, be- 
caufe benzoic acid may be volatilized from 
this legume, and becaufe it contains a refin in 
confiderable abundance. By treating vanilla 
with alcohol, and afterwards evaporating its. 
alcoholic folution or tinétere, this balfam will 
be obtained, which will prefent the characters of 
{torax. | 

F. I can fay the fame of cinnamon, as it af 
fords volatile oil in abundance by diftillation, 
and as its diftiiled water depotits cryftals of 
benzoic acid by cooling. There is reafon to 
believe, that by treating cinnamon with alco 
hol, and evaporating the. ftrong tin@ure thus 
obtained, a real balfam of cinnamon will be 
extracied, brown, odorous,  fufible, affording 
benzoic action by the fire, &c. 


” = 
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14. THe balfams, as we have feen, are much 
employed in medicine. ‘They are ftill more em- 
ployed in perfumes ; for the latter ufe, they are 
made up in all forts of forms. They prevent and 
retard the putrefaétion of animal matters, and 
are extremely ufeful in embalming, which de- 
rives its name from them. Sometimes the per- 
fume is combined with alcohol and fugar, in 
preparing liqueurs for the table, &c. — 


™~ 


ARTICLE XIX. 
Of the Sivth of the immediate Materials of 


Vegetables; colouring Matters, 


A. Situation. 


1. THE coloration of vegetables, and of their 
different parts, is one of the moft beautiful phe- 
nomenona which the vegetable economy pre- 
fents. It has at all times excited the “attention 
of philofophers, and they have been inceffant- 
ly engaged in inveftigating its caufe. Che- 
mifts have believed, fa a Vetltipticiey of re- 
fearches, that it proceeds from a particular 
matter, which they have denominated colour- 
ing principle ; but they foon found that this 

pretended 
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pretended principle, inftead of being identical 
and conftant, was very much varied in its pro- 
perties, and ought not to be confidered as al- 
ways one and the fame matter Were it even 
well proved, what the great Newton has ad- 
vanced, that the different coloration depends 
upon the diverfity of the furfaces, and the 
manner in which each of thefe furfaces refleéts 
or refracts the rays of the light, it would imme- 
diately refult that the very difference of the 
external furfaces of thefe bodies muft imply a 
difference in the texture and compofition of 
each of them. Thus from the mere circum- 
ftance that the colours and, the different parts 
of vegetables are very much varied, it follows 
that this variety itfelf muft be neceffarily con- 
neéted with that of their nature : which evidently 
proves that no identical colouring principle can 
be admitted in plants. | 
2. The flighteft obfervation of vegetables 
proves that, befides the green colour which is 
generally diffufed throughout their foliage, 
their different parts are tinged in a very different 
manner; that none of them entirely refembles 
another in this property, and that the feat of 
what are called colouring parts is .diffeminated 
throughout all their organs, almoft with a kind. 
of atten nee which tows that this property 
of the coloration itfelf is, if I may ufe the ex- 
prefiion, of very little neg tonature, and that 
it is as it were the neceffary confequence of all 
the phenomena of vegetation, 
3. However, 
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_ 8. However, the fame obfervation, though 
hafty, is equally fuflicient to fhow that the con- 
taét of the light has fo much influence upon the 
formation of the colouring parts, that it feems 
even neceffary for their produëtion. ‘The barks, 
from the epidermis to the cortical layers, are 
conftantly more coloured than the interior of 
the trunks and of the trees. The leaves, as 
they are unfolded out of their buds, are of a 
pale green colour, which gradually darkens in 
proportion as they develop themfelves in the 
air; thofe that unfold themfelves in the fhade 
are white and infulated like the ftalks or the 
branches. At the moment when the flowers 
open or protrude themfelves out of the calixes 
in which they were folded up or enclofed, they 
are for the greater part without colour, and 
acquire a tinge only in proportion as they are 
expofed to the airand te the fun. However, it 
feems that an exception is found to this rule, 
when we fee the roots and fruits prefent even in 
the interior of their texture, which is always de- 
prived of light, in fome inftances a very marked 
coloration; and it is frequently in the pro- 
foundly hidden parts that the moft beautiful 
and moft durable colours are found for the art of 
dyeing. The force of this objection is dimi- 
nifhed when we obferve that thefe coloured 
roots and fruits belong in general to vegetables 
that have been long immerfed in light, that 
grow in latitudes where the rays of the fun 
{trike them vertically, that have a ftrong and 

Vor. VIII. r durable 
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durable vigour in their vegetation, and in which 
confequently the influence of the luminous prin- 
ciple penetrates even into the moft intimate and 
moft remote organs of their ftruGture. 


B. Extraction. 


4, Since the colouring matters muft be ac- 
knowledged to be more or lefs numerous and 
different from one another, it is evident that 
the means of extracting them muft vary accord- 
ing to their nature. I do not fpeak here only 
of the coloured parts of vegetables which, in 
their mafs, require only to be feparated from 
thofe that are not coloured, and which need 
only be forted and colleéted, or mechanically 
feparated from each other.. Thofe are only the 
refervoirs of the colouring matters; they are 
only furfaces, moft frequently hard and ligne- 
_ ous, to which the true colouring parts are glued 

as it were, and adhere like varnifhes. They re- 
quire to be feparated or detached from thefe fur- 
faces. 

5. This feparation cannot be effeéted by mecha- 
nical means, becaufe the colouring matters are of 
an extreme tenuity, and moft frequently in a {tate 
of fuch drynefs, and at the fame time adhefion to 
the parts which they cover, and in fome fort de- 
corate, that it is only by chemical proceffes that 
we can fucceed in feparating them. Recourfe is 
almoft always had todifferent folvents, according 
to the diverfity of thofe matters, Cold or hot wa- 

vor, 
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ter,long'ebullition, fometimesthealkaliné matters 
or bther re-agents applied to thefe coloured ve- 
getable BBA are the principal means that are 
_put in praétice, as well in chemical opera- 
tions, and with a view to examine their nature 
as in the proceffes of dyeing, and with the in- 
tention of afterwards applying the colours to the 
threads, the textures, and the ftufts deftined to 
receive them. 

6. Sometimes the vegetable colouring part is 
diffolved or diluted in vegetable liquids and then 
they need only to be extracted by preffure; but 
this cafefcarce ever obtains, except with the green 
colours and the fecula, which are their vehicle; 
and though it is frequently obferved by the che- 
mift in his experiments, it but very rarely prefents 
itfelf to the dyer in his practice. And even with 
the chemift himfelf, it is of all the circumftances 
relative to the extraétion of the vegetable co- 
louring parts, the leaft frequent ; for it has really ~ 
no spplication, except for the green colours. 

7. There are many obedthinntthiden in which the 
chemical art 1s not confined, as to the preparation 
of thefe colours, to the extraction of thefe mat- 
ters from the vegetable fubftances which con- 
tain them ; it frequently extends itfelf even to 
the proceffes for modifying or actually form- | 
ing them, either by a feries of fpontaneous 
alterations of which they are fufceptible by 
fermentation and agitation in the air, or by 
mixing them with different fubftances which, 

whilft they render them more foluble, mo- 
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dify them, and caufe them to pafs into the ftate 
which the art requires. It is in this manner 
that the fecula of the indigo plant and of the 
paftel is made to pafs from the green into the 
blue ftate, the grey or fawn-coloured powders 
of the lichens into the brilliant red of the ar- 
chil, &c. | | 


C. Phyfical Properties. 

8. In treating of fubftances fo various and 
fo numerous as the colours of plants, it is im- 
poffible to occupy the mind with any other 
properties befides their coloration itfelf; and 
this phenomenon alone prefents in itfelf a fuffi- 
ciently beautiful feries of obfervations and 
gradations to merit-fome particular confidera- 
tions. Amongft the multiplied varieties of co- 
Jours with which the vegetables are adorned, we 
find that the green is the moft abundant and 
moft univerfally diffufed; and that this green, 
which inceffantly varies in its fhade, and which 
firft pafles from the pale to the deep green, 
afterwards undergoes a degradation in all ve- 
getables, till it terminates in a more or lefs 
fixed and pronounced fawn-colour, which is 
known by the name of dead leaf. We after- 
wards find that the yellow is alfo one of the 
moft frequent vegetable colours, and at the 
fame time that it is the moft permanent and the 
Jéaft alterable colour that is known. We then 
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fee the blue and the red alfo prefent themfelves 
in great abundance, and exhibit extremely va- 
ried tinges, the fhades and qualities of which 
are no lefs interefting to the eye than aftonifh- 
ing, on account of their inconceivable multi- 
plicity. Finally, obfervation proves alfo, that 
amongft the mixed coleurs, there are a multi- 
tude which refult from the union or the mix- 
ture of two or more colouring matters; whilft 
there are others of a fimple and primitive com- 
pofition. , 

9. The primary caufe of the coloration of 
all bodies appearing to depend upon the dif- 
ferent properties which thefe bodies have of 
reflecting different rays of light; it is of 1m- 
portance here to remark that the weakeft re- 
flection exhibits the blue rays approaching to 
black, that the yellow ray depends upon a more 
confiderable reflection, and that the red 13 that 
which indicates the ftrongeft reflexion. We 
may add to this confideration, that the fame 
order feems to be obferved by nature in com- 
buftion and coloration of flames. The moit 
feeble combuftion produces a blue light; a 
ftronger inflammation gives a yellow light, and 
the moft energetic gives rife to the white, the 
confequence of the total refleétion of the lumi- 
nous rays. It feems that there is here alfo 
fome analogy with the phenomenon of the oxi- 
dation of metals. The leaft oxided are black 
or blue ; as they become more oxided, they pafs 
inte the yellow and orange ftates ; and when fur- 

charged 
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charged with oxigen, they become red and 
white. In the fame manner, the colour of the 
mafies of air is blue, as well as the light of the 
moon received upon white bodies, like that 
which furrounds the fhade of bodies projected 
upon white furfaces. Whatever ingenuity there 
may be in thefe approximations, they however 
teach us nothing pofitive refpeéting the nature 
of the colouring parts, nor have they yet any 
exact relation with their chemical properties. 


4 


D. Chemical Properties. 


10. THoues according to the diverfities al- 
ready announced in the vegetable colouring 
matters, it is really patie to give generic 
charaéters which apply to them all; though ‘it 
is evident that their exact hiftory can only be 
{pecific, it is however ufeful to feek. amongft 
the generality of their properties fome of thofe 
which, being more or lefs diftinétly marked as 
characteriftic of thefe fubftances, and not be: 
- longing to fubftances of another genus, muft 
_juftly be confidered as belonging exclufively to 
them. It is very evident that it cannot be in 
the fame order which has been adopted for all 
the immediate materials hitherto treated of, that 
this table can be conftructed ; as they do not 
really refemble any of thofe materials, their che- 
mical hiftory muft alfo be in a certain degree 
a aco of them. The firft chemifts who 

2 have 
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have occupied themfelves with the examination 
of thefe colouring matters, Hellot, Lepileur 
d’Apligny, Hecquet d’Orval, Mazéas, Macquer, 
and Poerner, have only committed errors, nor 
could they do otherwife. It is only fince the 
happy data of the pneumatic doctrine that Citizen 
Berthollet has begun to throw the greateft light 
upon this department of the fcience, and that 
Citizens Hauffman and Chaptal have allo in- 
creafed our knowledge refpecting it. 

11. It is particularly by the chemical at- 
traétions which the colouring vegetable mat- 
ters exercife upon the welds the. alkalis, the 
earths, ‘the metallic oxides, oxigen, and the 
textures, from wool to flax, that thefe mat- 
ters are eminently diftinguifhed from the 
other vegetable matters, as Citizen Berthollet 
has firft fhown. Their attraction for alumine, 
and the metallic oxides, is fo great that they 
frequently feparate them from the acids, and 
are precipitated with them from their common 
folvent. Their union with thofe earthy of me- 
tallic bafes modifies their colours, frequently 
changessthem, but renders them, on the one. 
hand, more permanent than they were before, 
and lefs fenfible to the aétion of the air, and of 
the other external agents. 

12. One of the principal and moft effential 
characters of the colouring parts, is their altera- 
bility and mutability by the contaét of the air 
and of the light. In general, the oxigen is ab- 
ftorbed by thefe matters, which pafs into the 
3 yellow, 
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yellow, the brown, or the chefnut-red, accord- 
ing to the proportion of it which they contain. 
Many, at the fame time, lofe a portion of their 
hidrogen by a real flow combuftion ; and then 
the predominant carbon efpecially contributes 
to make them pafs into a higher degree of co- 
loration, and into cafts more and more intenfe, 
Thus, in general, all the vegetable colours ex- 
perience this double effect from the action of the 
air; they abforb oxigen from it, and fuffer a 
portion of their hidrogen to be diffipated ; in 
fuch a manner, however, that the confequence 
of the firft effect is in general a formation of 
red or brown tinges, and that of the fecond a 
perpetual tendency towards the black, towards 
the coaly ftate, towards one of the terms of the 
vegetable decompofition. The nitric acid, the 
fulphuric acid, and the oxigenated muriatic 
acid, act in the fame manner upon the colouring 
parts. I have made it appear, in a Particle 
inquiry upon the vegetable matters diffolved in 
water, that all of them have more or lefs co- 
lour, that their coloration is augmented by the 
contaét of the air and the abforption of oxigen ; 

that determinate proportions of the latter pro- 
duce certain fixed compounds at a certain tem- 
perature, the charaéter of which is to have fuch 
or fuch a colour ; that the maximum of this 
colouring oxigenation is, after having paffed 
through the reds and the browns, to produce 
the yellow, the moft conftant, the moft fixed, 

and the moft unalterable of the natural co- 
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Jours of vegetables. Citizen Berthollet, on his 
part, has confidered the dark brown and black | 
coloration by the contaét of the air, as the pro- 
duét of a combuftion of the hidrogen, and of 
the denudation of the carbon,—as a kind of flow 
combuftion. He has fhown that the folidity, 
the fixity of the vegetable colours depend 
upon the greater or lefs difpofition which thefe 
parts had to experience this combuftion. id 
13. In proportion as the colouring matters ex- 
perience the firft of thefe effects, or the abforp- 
tion of oxigen, which combines entirely with 
them and changes their hue, they in general 
ceafe to be fo foluble in water as they were be- 
fore; they even become entirely infoluble in 
this liquid ; they at the fame time acquire folu- 
bility in the alkalis and in alcohol; they appear 
to approximate much to the nature of the oily 
matters, to hold a fort of middle rank between 
the refins and the fats, without however being 
exactly either the one or the other; they are 
what I have called the ovigenated ertraëive : 
for the greater number of the vegetable colours — 
have the character of what has been defignated 
by the name of evtraëts. The fame is the cafe 
with thofe which have acquired darker colours 
by the lofs of their hidrogen, and the fuper- 
abundance of their carbon; by becoming blacker 
they have become lefs alterable, lefs fenfible, lefs 
foluble, and it is even remarked that the colour- 
ing parts that are naturally the moft folid, the 
jeaft changeable, the moft durable or permanent, 
owe 
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owe this property to the confiderable proportion 
of free carbon which they contain. Accord- 
ingly they are generally prepared by a prelimi- 
nary and more orlefsadvanced combuftion of their 
hidrogen, which takes place more efpecially in 
the fermentations which are employed for indigo, 
paftel, woad, &c.: it ison this account that thefe 
colours, though {till fufceptible of being in fome | 
degree changed by oxigen, are more capable of 
being diluted than difiolved. 

14, The colouring matters unite eafily with 
the metallic oxides, and experience in the 
union which they contract with them, a com- 
buftion proportionate to the quantity of oxi- 
gen which they can take from them; thus 
the colours of thefe combinations are, as Citizen 
Berthollet has remarked, a produét of that 
which is peculiar to them and to the oxide, 
plus the oxigen added to the firft, and minus — 
that.which is taken away from the latter; for 
we muit calculate this double effect which modi- 
fies the colour of each of thefe fubftances. Hence » 
the oxides with which oxigen has little adhefion, 
are the leaft proper for attracting and fixing the 
vegetable colouring matters, which they burn 
too ftrongly, as do thofe of gold, of filver and 
of mercury ; thofe which yield too much of it, 
and experience great changes in their own 
colour, fuch as thofe of bifmuth, of lead and of 
copper, are alfo bad intermediates: the moft : 
proper for attaming the object of fixing co- 
Jours without altering them, are thofe which re- 

tain 
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tain the oxigen with force, and the colour of 
which is little changed by yielding a portion of 
it. Thus the oxide of tin, which has little ad- 
hefion with the acid folvents, and is ftrongly 
_attraéted by the colouring parts, giving them a 
bafis of a beautiful white, which exalts their 
lufire whilft it weakens their tinge, ka: the 
greateft advantag es in dyeing. 

15. This fimple theory explains the effet pro- 
duced upon the folutions of the colouring parts 
by the metallic folution ; and efpecially the pre- 
cipitation occafioned in it by the fuper-oxigen- 
ated muriate of tin. There is fome analogy 
between this effet and that of alumine: which 
unites very eafily with the colouring” matters, | 
which frequently abandons. its acid folvents to 
combine with it; which, by precipitating itielf 
along with them upon the ftuffs, favours their ad- 
hefionand ftability, and which, by its pure white, 
renders their tinge clearer, whilft at the fame time 
it ftops the progrefs of their combuftion; both 
in the fixation of the oxigen, and im the difen- 
gagement of the hidrogen.. Such is the idea 
that ought to be formed of the aétion of the 
mordants. Amongft thele, the aftringent ves 
getable fubfiance, efpecially that which is 
contained in the nut-gall, fumac, and the bark 
of the oak, the effeét of which upon the ftutts 
fo frequently ferves as a preparation preliminary 
to the dyeing of them, is efpecially ufeful by 
its ealy combuftion and carbonization’ by the 
contact of the air, by the property of foon itop- 

ping 
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ping in its combuftion, and abforbing little 
oxigen, by its attraction for the matters of the 
textures, and efpecially of thofe that are of 
an animal nature, as well as to the different co- 


‘Jouring parts, which it alfo attraëts and firmly 


fixes upon the ftuffs, to which it communi- 


cates its own folidity. This is the reafon why 
galling is fo frequent and fo advantageous 


aa operation in dycing. The aluming, which 
is afterwards practifed, renders the colouring 
matter more adherent and clears it, efpecially 
when the precipitation of the alumine is fa- 
voured by the addition of the acetite of lead 
to the alum which it decompotes, forming acetite 
of alumine, the bafe of which is much more eafy 
becaufe feparated and precipitated, it adheres 
lefs to the acetous acid, 

16. It-has long fince been remarked that the 


colouring matters have a ftrong attraction for 


animal fubftances, that they feize upon thefe 
fubftances more quickly, and adhere to them 
much moré ftrongly than to the vegetable fub- 
ftances. Thus wool and filk are the fubftances 
which take dyes the fooneft, and retain them 
the longett, whilft flax and hemp are the moft 
difficult to be dyed. This appears to proceed 
from the circumftance that the colouring matters 
are of an order of compofition that approaches to 
that of the animal matters; they differ in fa@ 
from the gums, the fugar, the oils, the refins, 
the acids, by. the prefence of azote, which 
forms one of their primitive principles, and it is 

to 
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to this that they owe the property of affording 
ammonia in their analyfis by fire; they ap- 
proach in this circumftance to the nature of the 
extractive matter, in the hiftory of which I have 
pointed out the fame charatter, and of the lig- 
neous fubftance, concerning which I fhall treat 
in one of the fubfequent articles. The colouring 
fubftance alfo adheres in general, or is found 
moft frequently under both forms in vegetables; 
and when authors attempted to give a chemical 
definition with regard to its properties and its 
nature, it has been confidered either as an ex- 

tract, or as a ligneous fubftance. | 
17. Though what has hitherto been ftated con- 
cerning the chemical properties of the colour- 
ing matter, might fuffice to charaéterize it as a 
genus, and though the more ample details belong 
rather to the hittory of its fpecies, I muft not 
however omit mentioning in this place, that 
before the modern difcoveries, which have led to 
the general confiderations which I have juft 
enumerated, chemifts, efpecially Macquer and 
Bucquet, had diftinguifhed thefe colours, which 
they already knew to be very much varied and 
very different from each other, into, a. extrac- 
tive or faponaceous colours, entirely foluble*in 
water, fo that they could not be precipitated — 
upon the ftuffs unlefs by the action of the mor- 
dants which decompofe them; b. refino-earthy 
colours, the character of which was to melt and 
dilute themfelves only in water with the aid of 
heat, fo that they were precipitated from it by 
mere 


78 COLOURING MATTERS: 


mere cooling, and adhered to the ftuffs which 
were kept immerfed in their baths; €, refnous 
éolours, infoluble in water, foluble in the alkalis, 
and frequently in alcohol; d. oily colours, folu- 
ble particularly in the oils. But thefe diftinc- 
tions are too few and at the fame time too inac- 
curate; for they afford only a very imperfe& 
idea of the diverfities of the colours, and of their 
true diftinétive characters, though it is indeed : 
very difficult to give fuch as fhall be much more 
precife and fatisfactory. 

18. There is another difference relative to the 
» vegetable colouring parts, the inquiry into the 
caufe of which is of much greater importance, 
namely, that which relates to the nature of the 
coloration itfelf. In general only three primi- 
tive or principal colours are known in vege- 
tables, namely, blue, yellow, and red; and 
there is reafon to believe that each of thefe 
primitive colours is a determinate combination 
of the principles which conftitute the colouring 
matters. Nothing is yet made out in the fcience 
refpecting the difference of thefe three colours : 
all that is known is, that of the three the yellow 
has in general the moft permanency and ftability ; : 
that the blues are much varied in their proper- 
ties, that the reds lead to the brown and the 
black. We are confequently ftill more ignorant 
of the intimate caufes, or the multiplied com- 
binations formed by the very numerous {hades of 
thefe three colours,- the-parents: of all the ref. | 
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19. Tue hiftory of the fpecies is very truly, as 
Ï have already announced, that of the vegetable 
colouring matters, fince thefe fpecies, conftitut- 
ing a CHA of real differences amongftthemfelves, 
require to be examined one the other, 
and afford the only means which exift of drawing 
from their general comparifons the relations 
which Hors may have, and the charaéters by 
which they may be mated asa genus. But this 
{pecific hiftory feems not yet to re part of the 
fcience. Asthe whole belongs to the art of dye- 
ing, it prefents, inftead of a perfect knowledge 
of the vegetable colours, only a feries of pro- 
ceffes for RCA them, feparating them from 
their folvents, precipitating them upon the 
fiuffs, caufing them to adhere to them, and 
rendering ee more or lefs ftable, fixed, per- 
manent 4 unalterable. It is not, however, the 
art which we are here to defcribe ; for this is al- 
together contained in that part of the fcience 
which f defignate by the word application, and 
muft be treated afterwe have gone through the 
three firft branches of the pare {y Fou? i 
mutt borrow from this i ingenious and important 
art fo much only as may throw fome light upon 
the properties of the colouring matters. 3 

20. The difficulty of A Proce EE and 
clafing the fpecies of vegetable colouring 
mie. ik matters, 
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matters, proceeds efpecially from the circum- 
fiance that we do not exactly know the nature 
of each of them ; accordingly it is impoffible to 
difpofe them, at leaft in an exact and fatisfac- 
tory manner, according to their chemical pro- 
perties; it is very evident that the divifion of 
Macquer can no longer be adopted.. What can 
be done in this refpect, reduces itfelf to the con- 
fideration of thefe colouring matters as forming 
four genera hitherto very inaccurately divided, 
the divifion of which muft be a mere outline. 
Thefe four genera are, 1. the pure extractive 
colours; 2. the oxigenated extraétive colours ; 
3. the nl colours: A. the oily or RUE 
hidrogenated colours. 

21. We may rank the firft genus, namely, 
amongft the pure extractive colours, thofe which 
appear in fact to be entirely fimilar to the extrac- | 
tive, which are perfectly foluble in hot water, 
which do not quit this folvent by cooling, which 
cannot be applied, to the ftuffs unlefs by the 
help of the faline or metallic mordants that de- 
compofe them, and oxide them in fuch a man- 
ner as torender theminfoluble. By thefe means, 
and by employing tartar, alum, the acids, and 
efpecially the metallic oxides and falts, they are 
made to approach to the nature of thofe of the 
fecond genus, oxigen is furnifhed to them, their 
colour indeed is changed, they are modified in 
a manner which we ought to know previous- 
to ufing them; but they are feparated from the 
water, Sil they are made to depofit themfelves 

upon 
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upon and attach themfelves to the ftuffs: To 
this genus belong the Campeachy and Brazil 
woods, the ee wood, madder, veld, and 
the firft colour of the carthamus or baftard faf- 
_fron. All thefe colouring parts diffolve in water, 
which they tinge more or lefs ftrongly acc ording 
to their Me when mixed with alum or 
muriate of tin, and precipitated afterwards by 
an alkali, they afford lakes. 

29. I place in the fecond genus of oxigenated 
extractive colours, thofe eh have experien ced, 
as it appears, by the effeét of vegetation, a change 
in their nature, depending upon the abforption 
of oxigen, which have therefore ceafed to be fo# 
luble in water, as they originally were, and are 
fufceptible only of being foftened, melted and 
diffeminated in this boiling liquid in {mall 
flakes, which are precipitated from it by cool- 
ing, and confequently depofited fpontaneoufly 
upon the ftuffs, adhering to them and dyeing 
them in a folid manner. The dyers call them 
root-colours. It is fufticient to keep the ftuffs 
for fome time immerfed in their bath for them to 
acquire a fixed colour; and this is almoft always 
more or lefs of a fawn colour. The root of the 
patience, the wood and bark of the alder, and of 
the oak, fumac, the hufk of the walnut, and the 
nut-gall, are of this kind. We may alfo refer 
to it almoft all the barks, the woods and the 
roots, from which are feparated, in the pharma- 
ceutical art, folid extraéts, that become brown 
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in the air, and the decoëtions of which become 
turbid, and afford.a depofit by the contact of 
the atmofphere. 

23. In the third genus I comprehend the co- 
lours which I call carbonated, becaufe all their 
properties announce that they contain a large 
proportion of carbon to which they owe 
their folidity and fixability. It is thefe upon 
which the modern difcoveries have began to 
throw the greateft light, and the nature and 
principal properties of which Citizen Berthollet 
has explained in his memoirs, as alfo in his ele- 
ments of the artof dyeing. Before him, chemitts 
had very falfe ideas concerning them, or rather 
they had no accurate ideas, nor fatisfactory no- 
tionsof them. They believed them to be oily or 
refinous matters, whereas they are really neither 
the one nor the other. Notwithftanding the fine 
analyfis of the indigo, the moft remarkable of thefe 
colours, which was given by Bergman, nothing 
exact had yet been afcertained refpecting thefe- 
fingular matters, previous to the happy application 
which Citizen Berthollet made of the pneumatic 
doétrine to the theory of colouring matters. 
Thefe, which comprehend im their genus annatto, 
archil, indigo, and paftel or woad, are not fimply 
extraéted by the ation of water from natural ve- 
getable fubftances which contain them ready 
formed; they are the product of a more or lefs 
profound alteration, of a more or lefs advanced 
decompofition, of a real combuftion effected by 
putrefaction, in which the hidrogen has been 
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exhaled more or lefs fpeedily, and the carbon 
* has been fet free. They are diffolved or diffufed 
in the alkalis or alkaline matters, and fome- 
times by very particular procefles, of which I 
fhall fay a word hereafter. They are all fufcep- 
tible of another order. of fermentation which 
burns them more ftrongly, and reduces them to 
the pure coaly ftate. 

24. I make a fourth genus of vegetable co- 
louring matters, which T call Te or 
refinous colours, becaufe they are really of this 
nature: they are diftinguifhed by their inflam- 
mability, their infolubility in water, and their 
folubility in the oils and in alcohol. The root 
of alkanet gives a brilliant red colour to oils. 
The coloured refins, dragon’s blood, the refin of 
the ivy, that of guaiacum, the gum-refins, con- 
tain this kind of colouring principle in abun- 
dance. It is perhaps one of the moft frequent 
in the vegetables, fince there is none of them 
that does not give colour to oil or alcohol. But 
thefe colours, though holding a very remark- 
able place amongtt sesriieal facts, occupy only 
a very {mall one in the art which is ‘occupied 
with their extraétion and application; for they 
are {carcely, if at all, employed in dyeing. The 
rofe itfelf, a flower fo delicate and tranfient that 
it has always been taken by the poets as the 
fymbol of beauty, gives a tinge to alcohol which 
becomes reddith by the aétion of the acids, and 
green by that of an alkali. It is to this order 
alfo that we are to refer the green colour, fo 
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univerfally diffufed amoneft plants, and which 
is neverthelefs fo alterable that it can never 
be preferved. This colouring part is foluble 
tn the oils and in alcohol. ‘There are alfo cer- 
tain vegetable colours which belong to none ef 
the four preceding genera, as they have not 
their characters, and there is fcarce any means 
of diffolving them: fuch is the yellow of the 
flowers, and efpecially that of the petals of the 
ranunculus, and of feveral other flowers that are 
equally unalterable. This general diftinction 
of colouring matters into four genera is not 
fufficient for confidering their fpecies. It is ne- 
ceffary to treat of them under another point of 
view, and by defcending to each of them, to con- 
fider them with relation to the different general 
hues with which they are decorated. Here the 
bafis of the dyer’s art muft ferve as our guide. 
Under this relation there are four very diftin¢ct 
genera of vegetable colouring matters ; the blues, 
the reds, the yellows and the fawn colours, with 
which all pofible dyes are fabricated. 

26. Amongft the blue colours, the indigo, the 
paftel, and the turñfole, prefent themfelves. 

A. The indigo is prepared, in America and 
Africa, with a plant called anil: it 1s the 7- 
digofera tin&oria of Linneus. When mature, 
it 1s chopped and put into a tub, where it is 
fieeped in water, on which account the tub is 
called the fteeping vat; it there ferments, 
and difengagés much carbonic acid and hi- 
drogen gas; it acquires a blue colour by the 
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progrefs of the fermentation. The plant, to- 
gether withits water, is drawn off into a fecond 
vetlel called the beating vat, where it is agitated, 
in order to feparate the carbonic acid from it, 
and caufe the particles of the blue fecula to 
approach each other: fometimes lime-water is 
added to it, in order to abforb the acid more 
fpeedily. When the coloured fecula is well col- 
lected, and the yellow liquor cleared, the whole 
is poured, turbid and agitated, into a third vef- | 
fel called a fettling vat, where this fecula is left 
to depofit itfelf, and it is drawn off while {till 
foft by a cock placed towards the bottom : it 
is then drained in canvas bags, after which it 
is poured in a pafte into fquare boxes, in which 
it is dried in the arr under fheds, to defend it 
from the fun. 

Three principal fpecies of indigo are diftin- 
guithed, according to its preparation and purity ; 
the light, or the flower indigo (indigo-flore) 
which comes from Guatimala, which floats upon 
water, and is of a blue colour; the coppery indi- 
go, which acquires the colour of copper when it 
is rubbed with a hard body; and the commen 
andigo, which comes from Carolina, and is much 
lefs pure. But in thefe three fpecies it is always 
the fame matter which forms the blue; it dif- 
fers only by the more or lefs confiderable ad- 
mixture of yellow, extraneous, and extractive 
matters. Even the common indigo may be pu- 
tified by boiling it a long time in water. ‘The 
fulphuric acid foftens and diffolves indigo, 
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altering only the mucous and extraétive fub- 
fiances that are mixed with it. The concentrated 
nitric acid burns it with a beautiful purplifh 
coloured flame, and leaves a very volumi- 
nous coal: iron is found in the refiduum. 
More diluted nitric acid turns the indigo brown, 
converts it into gum-refin, and into vegetable 
acids, according to Haufiman, who publifhed, 
in 1778, a very good memoir upon this colour. 
The oxigenated muriatic acid, poured upon 
the folution of indigo by the fulphuric acid, de- 
firoys its colour, and changes it into a brownifh 
yellow. Citizen Berthollet has indicated this 
means for judging of the quality of indigo, ac- 
cording to the proportions of oxigenated mu- 
riatic acid which it requires to difcolour it. 
The indigo precipitated from its fulphuric folu- 
tion, diffolves in the fixed alkalis: thefe give 
it a green colour, which at laft they even def- 
troys 
Its analyfis by fire, and by the acids, fhows 
that it contains hidrogen, azote, very little iron, 
and much carbon. This laft principle appears 
to be more abundant in it than in any other ve- 
getable fubftance, as it forms more than half 
its weight. It is to this fuperabundance of 
carbon that Citizen Berthollet attributes all the 
chemical properties of indigo, and its colour 
which approaches to black. 
A part of the oxigen contained in indigo 
may be taken from it by the bodies that have 
great avidity for it, fuch as the green fulphate 
. 2 of 
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of iron and the fulphuret of arfenic: it then 
becomes green and foluble in the alkalis and 
lime ; but this folution is decompofed, and the 
indigo refumes its blue colour and infolubility, 
by the contaét of the air, which reftores to it 
the oxigen which it had loft, as is feen in the 
vats of indigo which become blue at their fur- 
face, and in the blue which is employed in 
the manufacture of printedcalicos. Thusits blue 
colour, though unalterable by the acids which 
only diffolve it, is owing to a certain proportion 
of oxigen; when it lofes part of it, it becomes 
ereen ; when it is reftored, it paffes again to 
the blue; by uniting with it a too great pro- 
portion of this principle, itis entirely burned, be- 
comes brown or fawn-coloured, pafling through 
a green colour, which proceeds from the mixture 
of the yellow that has been formed with the 
blue that is left. But this brown fawn colour 
of the complete combuftion does not admit: of 
its return any more to the beautiful blue ftate. 
Hence it happens that the concentrated fulphu- 
ric, by burning it in part, gives, when em- 
ployed indyeing, only a light or pale blue, fuch 
as that which is called ere blue; whereas, Zz 
employing lime and different other mixtures, and 
efpecially a long continued application of heat 
and fermentation, as in the blue vats in which 
woollen cloths are dyed, we obtain a rich and 
deep blue. 

B. The paftel is a blue pafte, formed by the 


putrefaction and reduétion into a kind of com- 
pott 
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poft of the chopped ftalks of the i/atis tinc- 
toria, or of the ifütis Lufitanica of Linnæus. 
The plant, mowed and dried quickly in the fun, 
is bruifed in a mill; it is then laid in heaps, 
which are flightly fprinkled with ftagnant wa- 
ter, and guarded againft the fun. The-fermen- 
tation is developed in them; after a fortnight, 
thefe heaps are opened, they are bruifed and mix- 
ed; round balls are then formed of them, which 
are dried by expofing them ta the wind and fun, 
When heaped upon one another, and fprinkled 
with putrified water, thefe balls become heated, 
exhale ammonia, dry, and are reduced into.a 
blue which 1s fold in commerce in this ftate. It 
is in the departments of Gard, Aveyron, and 
Dordagne, that this colour is prepared in this 
manner. In Calvados and the Lower Seine one 
of an-inferior quality, called woad is prepared. 
Aftruc has treated the ifatis like the indigo- 
plant, and he fays he has extraéted from it a 
powder of an indigo-blue colour. Mr. Gren 
has defcribed a procefs praétifed in Germany, 
for changing, by fermentation, the ifatis into 
indigo: this procefs, which fucceeded, and 
W wen has fince had the fame fuccefs in the ex- 
periments of Dambourney, though he was not 
acquainted with the German procefs, has a 
ereat analogy with the procefs for the real in- 
digo. <A firong fermentation takes place in the 
fteeping tub; much froth is formed; a blue 
pellicle, of a gold colour at its furface, prefents 
itfelf ; the liquor | IS very fubjeët to putrefy, and 

requires 
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requires much attention in order to prevent it, 
The fecula is feparated from it by agitation and 
the addition of lime; it is dried in the fhade. 
It is evident that the ifatis comports itfelf like 
the indigo plant, and gives an analogous blue, 
which however is lefs delicate and rich. Fre- 
quently it is mixed with it in vats, which are 
called paftel-vats, on account of this addition. 
Though the fame refearches have not been 
made upon the paftel and woad as upon indigo, 
what has been feen is fufficient to prove that 
thefe two eolouring matters, prepared and em- 
ployed in the fame manner, are of a very 
{imilar nature. 

C. The fame is not the cafe with the bad 
blue colour known by the name of turn/ole, 
which is fabricated at Grand-Gallargues in (ci- 
devant) Languedoc, by impregnating rags with 
the juice of the croton tincorium. ‘Thefe rags, 
which are called tournefol in rags, being ex- 
ported into Holland, are, as it appears, difco- 
loured and reduced into pafte with foda; of this 
the cakes of turnfole are formed, in which I 
have conftantly found foda, which gives them | 
the violet-blue colour they are known to pof- 
{efs, and which appear to me to be the red, 
tinged with blue, or rendered violet by the pre- 
fence of the alkali. This tranfient colour, which 
is extremely alterable, and becomes red by the 
contact of the weakeft acids, as well as by many 
other bodies, is very different from the fecula 
of indigo; it ferves only to colour common 


paper, 


\ 
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paper, and produces upon a multitude of tinges 
or ftains on piece goods which are quickly de- 
ftroyed by the air and the fun. 

27. The dyeing-reds, that is to fay the 
colouring matters which may be extraéted from 
vegetables, and which are employed for dyeing 
this colour, are much more numerous than the 
blues properly fo called. In this genus are reck- 
oned madder, archil, carthamus, Brazil-wood, 
and Campeachy or log-wood. 

A. Madder, rubia tin@orum of Linneus, fur- 
nifhes by its roots, when well cleaned, dried, 
pounded, and fifted, a powder of a fawn or 
reddifh yellow colour, from which only a part 
of the colour is ewtracted with boiling water, but 
the whole with water fharpened with alkali. It 
is therefore of the nature of the oxigenated ex- 
traétives ; it is alfo foluble in alcohol. The al- 
kali gives to this dye a violet colour, the falts a 
fine red colour. It is employed only with mor- 
dants. The difference of the piece goods has 
much influence upon that of the dyes which 
are obtained fromit. Dambourney, Beckmann, 
Wath, and Wogler, have made many intereft- 
ing experiments upon the employment of this 
material. Scheffer, Guliliche, Poerner, Citizens 
Berthollet and Chaptal have alfo examined it 
with attention. It is with this material that the 
famous red cotton of Adrianople is prepared, 
It is now manufactured in France of {till greater 
beauty and luftre. It appears that madder, 
like the carthamus, contains two different mat- 

ters, 
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ters, the one red and the other fawn-coloured, 
Its decoétion affords infoluble pellicles, which de- 
pofit themfelves like thofe which are formed on 
the extraéts.. It has the property of colouring 
the bones of animals to which it is given mixed 
with their nourifhment. As whatever belongs 
to its properties and ufes interefts only the art 
of dyeing, and prefents but few general refults 
to the fcience, I fhall not dilate more amply 
upon this fubjeét. Some modern chemifts fufpeét 
that it contains an acid. 

. B. Archil is a kind of violet-red paf 
prepared in the Canaries and at Cape Verd with 
the lichen roccella, and in the departments of 
Puy-de-Dome and of Cantal, with the lichen pa- 
rellus ; the firft is called orfeille d'herbe, and the 
fecond orfeille de terre. ‘This laft is very much 
inferior in quality to the &rft. The archil is 
obtained by macerating thefe lichens, previoufly 
dried and pulverized with urine and lime. The 
art of preparing it has not yet been defcribed 
with accuracy, and it confifts in fome partit 
cular manipulations which appear to be ef- 
fential. Formerly it was prepared very good 
at Florence: Micheli has indicated the mode 
of its preparation, and it is after him that 
Hellot reports it. Archil gives its colour to 
water, to the alkalis, and to alcohol. This laft 
tincture is efpecially ufed for thermometers ; 
its colour difappears in a vacuum, and re-ap- 
pears in the air. The infufion of archil is 
violet ; acids turn it red; alum forms in it a 

/ precipitate 
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precipitate of a brown- red colour; the muriate 
of tin a reddifh precipitate. When applied cold 
to marble, this infufion gives it a fine violet 
colour, which remains, according to Dufay, for 
feveral years without alteration in the air. Dye- 
ing with the archil is performed by immertfing 
the ftuffsin its fimple infufion. But this dye 
is of little durability ; 1£ ought only to be em- 
ployed for heightening the tints and giving 
greater luftre to other colours; the dyers, from 
the beauty of its colour, frequently make a 
fraudulent ufe of this fubftance; the folution 
of iin caufes it to imitate fcarlet, and renders 
it as folid and durable as it is des | 
C. The flower of the carthamus, or baftard 
faffron, cartamas tindorius of Linneus, when 
deprived of its fawn or yellow colour by water, 
gives, with the aid of the alkalis, another red 
or very deep yellow colour. This colour may 
be precipitated by an acid which renders it 
yellow as well as the liqnor. The flower muft 
be well wathed, or even prepared with water, be- 
fore it is finally dried, 14 order £o deprive it of 
its firft colourme part, and to preferve the fe- 
cond pure. This yellowmay however be employed 
with utility, according to Beckman, for dyeing 
cloths: he even aflerts that carthamus con- 
tains more of it than the yellow wood. The 
red colour is extracted by the alkalis, and efpe- 
cially by foda, and it is precipitated upon the 
fiuffs by the acids, particularly that of the le- 
mon; the acid of the berries of the fervice- 
tree 
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tree may be fubftituted inftead of lemon-juice, 
which is very dear. It is with the red fecula of 
the carthamus thus extraéted, and dried upon 
plates, that the rouge ufed by ladies is prepar- 
ed, by mixing it with talc or Briançon chalk, 
fcraped with the ftalks of theve-grafs. The car- 
thamus is cultivated in the large way in Spain, 
in Egypt, in the Levant, and in Thuringia. It 
would be a very good acquifition for France to 
make. Its feed affords a good oil, and fattens 
birds; its ftalks feed fheep and grafs in the 
winter ; and its flower is particularly ufeful for 
dyeing filk red, poppy, orange, cherry, rofe, and 

flefh-colour. | 
D. Brazil wood, called alfo Fernambouc, 
wood of St. Martha, of Japan, of Sapan, ac- 
cording to the places from which it is brought, 
is cultivated in the Hle de France; that of 
the Antilles is called drefllet, angi is the leaft 
eftcemed : this is one of the matters moft ufed 
in dyeing. Its botanical name is Ce/alpina crif- 
ta, Ces. fappan, Ges. veficaria ; thefe are the 
three fpecies of trees which afford the three 
varieties that have been indicated: the vefi- 
caria affords the brefillet. This wood becomes 
red in the air; it is of a faccharine tafte; the 
heavieft is the beft. Boiling water, alcohol, 
and ammonia, take from it all its colour; it 
afterwards appears black. Thofe folutions give 
a red colour to marble, which paffes to the 
violet, and becomes fixed in the chocolate- 
brown 
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brown. The acids precipitate from its decoc- 
tion, flakes of a fawn-red colour. The alkalis 
render it crimfon or dark violet; alum forms in 
it a crimfon-red precipitate, and a fecond is ob- 
tained from it by adding alkali to the liquor. 
The metallic folutions alfo produce coloured pre- 
_ Cipitates; that of the fuper-oxigenated muriate 
of tin gives one of a beautiful rofe colour. The 
decoction of this wood, which is called Brazil 
juice in the workfhops, is more valuable when 
it has been kept for fome time than when frefh. © 
Dyeing is performed with this juice, after having 
previoufly impregnated the ftuffs with alum and 
with tartar. It affords bright reds, whichrefifithe 
effeéts of the air pretty well, but are lefs folid 
than the madder-colours. An acid added to 
the liquor, before the ftuffs are immerfed in it, 
communicates to them a very folid fawn-yellow 
colour. Alumine and oxide of tin give this 
colour much more fixity than it naturally. has. 
The aftringent principle alfo augments its foli-_ 
dity. Alkalisare employed for producing violets 
with it, but they have very little durability. It 
is ufeful to pulverize this wood, becaufe much 
more colour can then be extracted from it, and 
that much more quickly and eafily. Lakes much 
employed for paper-ftaining are prepared from it 
with alum, ftarch, and the alkalis, which preci- . 

pitate its decoction. < 
E. Campeachy or log-wood, hæmatorytum 
Campechianum of Linneus,. grows in abun 
: dance 
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dance in Jamaica, of which it alfo bears the 
pame: it is likewife abundant in St. Cruz, 
Martinico, and Grenada. This wood differs 
from the Brazil only by the dyes which it 
affords: its colouring part is of the fame nature, 
is rendered lighter and yellow by the acids, 
darker and Mol by the alkalis, becomes brown 
and black in the air, is extremely foluble in 
water, cannot be fixed alone upon the ftuffs, but 
requires the aétion of mordants, is rendered fo- 
lid by the metallic folutions, alum and tartar: 
it is, like the Brazil wood, an extraétive co- 
lour, flowly combuftible and dif-hidrogenated 
by the contaét of the air. It is efpecially em- 
ployed for violet dyes, and for giving a velvet 
appearance and luftre to the blacks and greys; 
it is ufed in the dyeing of filk to produce a 
ereat number of dyes, from the lilac to the 
dark violet, by means of the folution of tin. 
Dark coloured and confiderably folid lakes are 
alfo prepared with its decoction. 

28. Though the yellow colours are extremely 
abundant at the furface of vegetables, and 
though thefe efpecially are the moft common and 
moft durable ornament of their flowers, yet the 
number of the plants which afford foluble yel- 
lows applicable to dyeing, is not fo confiderable 
as the firft afpect might feem to indicate. Thofe 
particularly known in this genus are weld, 
yellow wood, annatto, faw-wort, dyer’s-weed, 
curcuma, Venus’s fumac, French-berries (Graine 

d’Avignon), 
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d’Avignon), and quercitron: there are, how- 
ever, a confiderable number of others; but it 
is fuffictent to indicate the fpecies that are the 
moft employed, and the moft common. 

A. Weld or woald, refeda luteola of Lin- 
neus. The ftalks of this ripe plant, when dried 
and tied in bundles, give by decoétion in water 
a yellow colour inclining to the brown; when 
diluted with water, it has a green tinge. The 
acids render it paler, and the alkalis darker ; 
alum forms in it a yellowifh precipitate, and 
the liquor preferves a lemon colour. The folu- 
tion of tin produces in it an abundant precipi- 
tate, of a light yellow colour; the liquor re- 
mains turbid, but little coloured. This fub- 
{tance is employed as a yellow dye for linen, 
filk, and cotton-; but it will not fucceed, un- 
lefs alum and tartar be employed as mordants. 
The dies vary according to the proportion of 
the mordants and their nature. The ufe of this 
colouring fubftance is called welding. Alkalis 
and lime are added to it, and madder or annatto 
is mixed with it, in order to obtain different — 
orange and jonquil cafts in the dyeing of the 
goods called calico printing. The mordant 
compofed of alum and of acetite of lead is em- 
ployed. 

B. Yellow wood comes from a large tree 
of the Antilles, which grows efpecially at To- 
_ bago: itis afpecies of mulberry, morus tin@oria. 

| | It 
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It is yellow, with orange-coloured veins: its 
well-charged decoétion in water is of a deep 
red-yellow colour, which becomes of an orange 
yellow. The acids precipitate from it a light 
fecula of a greenifh-yellow colour, which the — 
alkalis re-diffolve, giving it a reddifh colour. 
Moft of the metallic falts and alum precipitate 
it; the laft ina yellow ftate and little abundant, 
the muriate of tinof a beautiful yellow colour, 
andin great abundance; the acetite of lead, abun- 
dantly of an orange-yellow; the fulphate of iron 
in a yellow which turns brown. This wood, 
reduced into fplinters or chips, is employed for 
dyeing by keeping it in a fack in the midft of 
the bath : its decoction gives to the goods, with- 
out any other preparation and without mordant, 
a yellow with a little of a brownifh caft, dull, 
fufficiently permanent in the air; whilft weld, 
alfo without a mordant, communicates to it — 
a pale yellow of little ftability. The mordants, 
alum, tartar, and the muriate ef tin, fix it, 
and render its colour lighter; the muriate of 
foda and the fulphate of lime render it darker; 
it affords the fame gradations of tinges as 
weld. . This wood has lately become known and 
diffufed in Europe; it is of a moderate price; 
it is one of the moft ufeful ingredients in dye- 
ing, and its colour is fufficiently folid. 

C. Annatto.is a dry and hard pafte, brown- 
ifh externally, and red internally, in lumps 
of about a kilogramme, covered ‘with reed- 
leaves. It is prepared in America with the feeds 

Vox. VIL. H of 
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of the urucu, a tree which Linneus calls Bira 
Orellana, which are bruifed in water, and then 
left to macerate and ferment. The Americans, 
according to Labat, prepare a finer and more 
folid colour from it, by crufhing and ftrongly 
kneading thofe feeds in their hands impregnated 
with oil, detaching the liniment which is thus 
formed, and drying it in the fun. The de- 
coction of annatto in water has a ftrong and very 
diftinguithable fmell, and a difagreeable tafte. 
Its colour isa yellowifh red. It diflolves better 
in an alkali, and its colour is then a lighter 
orange yellow. Alcohol alfo diflolves it very 
well, and it enters into thofe varnithes that have 
a flight orange tinge. The alkalis precipitate 
its alkaline folution in an orange coloured ftate, 
_ as well as alum, which forms in it an abundant 
lake of a decp orange colour. The fuper-oxi- 
genated muriate of tin produces in it a preci- 
pitate of a citron-yellow colour, which is de- 
pofited flowly. It is treated by the alkalis for the 
yellow dyes ; but affords only a fugacious colour 
upon wool. It is much more ufeful and much- 
more employed for filk, which is merely kept 
more or lefs immerfed in it, after it has is 
boiled with a fifth of its weight of foap: 
this manner an aurora colour is given to it. By 
afterwards impregnating it with vinegar or 
alum, 1t becomes orange-coloured. It is fome- 
times employ ed cold : it is alfo ufed for cotton, 
which is dyed orange with it, byt the aid of tar- 
tar, .as.a ianordant. 


D. Saw- 


| 
| 
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D. Saw-wort, /erratula tintoria of Lin- 
næus, gives without mordant a greenifh-yellow 
colour of no folidity ; alum fixes it, and modi- 
fies the colour into a folid and agreeable yellow. 


_ The fulphate of lime gives, according to Poer- 


ner, a darker colour; the muriate of tin en- 
livens it very much, according to Scheffer. 

E. Dyer’s broom, genifta tincoria of Linnæus, 
a plant very common in dry and mountainous 
fituations, gives a yellow which is much lets 
beautiful than that of weld and faw-wort; 
it acquires a fufficient degree of folidity by alum, 
tartar, and the fulphate of lime. | 

I Curcuma, or éerra merita, curcuma 
longa of Linnæus, contains in its root which 
is brought to us from the Eaft Indies, but which 
grows ao in fome of the Antilles, an orange- 
yellow colouring part, which is very bright and 

- beautiful, and in great abundance, but of little 
permanency and very fugitive. Water extracts 
it very eafily; even the mordants give it only: 
an imperfect fixity. The muriates of foda and 
ammonia are thofe which fucceed the beft, but 
they give it a brown caft: it can only be em- 
ployed in powder. It is ufed for communicat- 
ing a brilliant golden tinge to the weld yellows, 
and an orange to fearlet ; but thefe fhades quickly 
difappear in the air. The curcuma ts ufeful in 
chemiftry for indicating ‘the-prefence of alka- 
lime matters which caufe it to pafs inte a pur- 
plifh fawn or brown colour with great energy. 
Hig Paper 
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Paper is coloured with glue, mixed with a de- 
coétion of this root. | 

G. Venus’s fumac, fuftet, rhus cotinus of Lin- 
næus, is a wood of an orange and green colour, 
chatoyant, which is employed in chips fordyeing, 
and which gives a fine orange colour, but not 
folid. It is employed only in order to obtain 
orange-yellow tinges with other colouring 
matters, which render its own more fixed and 
durable. It is efpecially combined with co- 
chineal for obtaining jonquil, gold, and chamois 
colours, | 

IH. The French-berries(Graine d’ Avignon) are 
the berry of the Rhamnus infeétorious of Lin- 
neus; it gives a fufficiently beautiful yellow, 
but of no folidity. It is employed only with mor- 
dants and treated like weld. A fpecies of brilli- | 
ant yellow lake is prepared with it, which is em- 
ployed in painting, for paper and for wood that 
is to be ftained yellow. 

TI. Quercitron is the bark of a yellow oak 
of New-England, of which Mr. Bancroft -has 
given an account, and propofed to fubftitute it 
inftead of weld, efpecially for calico-printing 
it is much more rich in colour than this plant, 
and one part of it may fupply the place of ten. It 
is merely infufed in hot water ; its yellow colour 
is fixed upon wool with alum and muriate of 
tin ; the latter gives it a great degree of luftre, 
The Englifh PERT of printed goods 
prefer this bark to weld, as being more econo- 


mical and permitting the grounds to be better 
bleached. 
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bleached. Dambourney fays that the advan- 
tages indicated by Mr. Bancroft are obtained by 
previoufly treating the wool with muriate of tin : 
it isa very good acquifition for the art of dyeing. 
29. The vegetable colouring parts that give 
the fawn colour to ftuffs are extremely numerous; 
they are in general ali the aftringent matters: 
employed. alone and without mordants, they 
depofit their colouring part upon the goods. 
The principal fpecies of this genus are the outer 
fhell of the walnut, the root of the walnut, 
fumac, the bark of the alder, fanders, foot, 
and efpecially the nut-gall. . All the barks con- 
tain more or lefs of ae colouring principle, of 
the nature of the oxigenated extractive ; accord- 
ingly in the numerous experiments defctibed by 
the laborious and eftimable Dambourney, upon 
the folid dyes of indigenous vegetables, they were 
always the colours placed Between the yellow 
and the brown, carmelites, olive, cinnamon, 
ehefnut colours, which he obtained, either by 
thefe vegetable matters employed alone, or with 
DRcne mordants. 
A. The outer fhell of the walnut, or the kind 
of pulp which covers the kernel, is white and 
grows black in the air, as every one knows. 
This blacknefs adheres to the fingers, and cannot. 
be removed without difficulty ; i. immerfed in 
weak oxigenated muriatic acid, it immediately 
becomes bfawilt Its filtrated decoétion becomes 
brown in the air, and gives by evaporation in- 
foluble pellicles, apparently refinous and almoft 
black ; 
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black; this*1s the colouring matter altered 
by a flight combuftion, and almoft reduced 
to charcoal; alcohol precipitates the folu- 
tion; the muriatic acid blackens it; the mu- 
riate of tin forms with it an abundant precipitate, 
of an afh-fawn colour; alum produces fcarcely 
any ; fulphate of iron renders it almoft black. 
The outer fhell of the walnut has a ftrong a¢tion 
upon iron; it diffolves it and forms ink; its 
colouring part has a great difpofition to unite 
with wool, and gives it a nut or fawn colour, 
to the folidity of which the mordants add little. 
It is an excellent colouring matter; it affords 
agreeable and very folid colours; it preferves 
the foftnets of the wool and requires no mordant. 
At the Gobelins, one of the fineft dyeing efta- 
blifhments that exifts, the outer fhells of frefln 
walnuts are collected in tubs ; they are covered 
with water, and kept for one or two years before 
they are ufed; and it is remarked that they 
then yield more colouring matter; the mor- 
dants or the metallic oxides and folutions vary 
its tinge. | 

B. The root of the walnut and efpecially its 
bark have prefented the fanre properties to 
Citizen Berthollet ; they give the fame colours; 
itis only neceflary to augment the quantity, 
and to employ them in chips enclofed in a fack, 
like all the hard bodies which may attach them- 
felves to the fiuffs and tear them. They have 
the inconvenience of frequently giving unequal 
colours, like all the folid matters whofe colour- 
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ing part does not diftribute itfelf equally in the 
liquor; this may be avoided by a proper manage- 
ment of the fire. : 

C. Sumac, rhus coriaria of Linnæus, is 
cultivated abundantly in Spain, in Portugal, 
and in the South of France, for the purpofes of 
dyeing. Its fhoots are every year cut to the 
root; they are dried and ground for dyeing and 
tanning. Its infufion, which is of a fomewhat 
"ete fawn colour, foon becomes brown in the 

: the acids turn it yellow; alum renders it 
bre the acetite of lead forms in it an abun- 
dant yellowifh precipitate which becomes brown. 
Sumac, like the nut-gall, decompofes the 
nitrate of filver, and reduces its metal by the 
contaét of light: of all the aftringents it is 
that of which the properties approach neareft 
to thofe of the nut-gall; but its black precipi- 
tate with the folutions of iron is lefs abundant 
than that of the gall. It may be fubftituted 
in place of it by ufing a double proportion: 
it gives by itfelf a fawn colour inclining to a 
green. The acetite of alumine, a common 
mordant amongft the calico-printers, caufes it to 
aflume a beautiful and folid yellow; its colour 
is fo fixed that the cloth cannot be bleached 
in the field; on which account it is em- 
ployed only for cloths with coloured grounds, 
the defigns and colours of which ate varied by 
different means. 

D. The bark of the alder, betula alnus or alba, 
gives a light fawn-coloured decoétion, which 

- foon 
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foon becomes brown and turbid by the contaét 
of the air and the abforption of oxigen, like all 
the aftringents. Alum forms’in it an abundant 
yellow precipitate; the muriate of tin a precipt- 
tate equally abundant and of a lighter yellow. 
The ferruginous falts convert it into ink; it 
diffolves the oxide of this metal very well: itis 


alfo employed for the black vats in the dyeing » 


of thread. 

E. Red Sanders, the only one which is ufed 
in dyeing, is a folid, compaét, heavy wood, 
which becomes brown by expofure to the air: 


it is brought from the coaft of Coromandel. Its — 
fine powder gives to boiling water a fawn-brown | 


colour, inclining to red; it diffolves ill by 


itfelf, but very well with the fkin of the wal- 


nut, fumac, and nut-galls: its colour is folid, 
and ufefully modifies that of thefe other matters. 
Vogler having found that alcohol diluted with 
water difelved the colouring matter of fanders 
better than water does, araployed this folution 
for dyeing famples of wool, cotton, and linen, 
previoufly impregnated with lot of tin, 
wafhed and dried: they acquired a poppy red; 
alum caufed them to affume a fine fcarlet colour ; 
the fulphate of copper a light crimfon ; the ful- 
phate of iron a deep-v sole The bates tinc- 
ture acis cold ; after it has been mixed with wa- 

ter it requires a flight ebullition. : 
fF, Soot gives to wool a brown or fawn co- 
Jour, more or lefs deep, but which is perifhable, 
and attaches itfelf only to its furface without 
combining 


\ 
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combining with it; it hardens it, and leaves 
a bad fmell; it is however employed for giv- 
ing a, brown tinge to fome colours, and for 
obtaining certain cafts which could not be ob- 
tained with other matters but with great diff- 
culty. What is of importance here with refpeét 
to the hiftory of the vegetable colouring matters, 

is that it may throw ae light upon the nature 
of thefe matters, and prove that the oily fub- 
ftance of which foot is in part formed, is one of 
the matters which approach the moft to the na- 
ture of thefe colouring parts. 

G. But none of the matters which give a 
fawn- coloured dye, of which we have been 
fpeaking, is comparable to the nut-gall with re- 
fpeét to its influence upon colorations; it forms 
the firft and the ftrongeft of thefe dyes. It is 
known that the nut-gall is an excrefcence 
formed upon the leaves, the petiole and the 
fmall branches of the quercus robur, when 
punctured by an infect. The beft nut-galls are 
brought from the Levant ; thofe of France are 
not ufed. The. tafte of the nut-gall is acrid, 
acerb and extremely afiringent; it may be em- 
ployed for tanning fkins, though in this refpect 
its operation is feeble. Its nature, properties 
and effects have been fuccefiively examined by 
-Macquer, Lewis, Monnet, the chemifis of Dijon, 
Scheele, Citizens Berthollet, Deyeux, and Mr. 
Prouft. It was firft ranked at the head of the 
afiringents, and its effeét upon iron and its fo- 
lutions which it blackens, was afcribed to its 

| aftringent 
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aftringent property, which was believed to exift 
of the fame nature in the other acerb vegetables. 
Its principle which blackens iron, has been found 
. to be fublimed by diftillation, to pafs into its 
different products, to communicate itfelf to the 
acids and the alkalis with which it was treated, 
and to feize immediately upon iron in the ftate of 
metal. Scheele afterwards extraéted from it 
a particular acid, which has already been ex- 
amined under the name of gallic acid. It has 
fince been found. that this acid can be obtained 
by fublimation, that it precipitates all the me- 
tallic folutions, that it approaches their oxides 
to the {tate of metals, that it alfo blackens iron. 
Moreover Citizen Berthollet has fhown that this 
acid is not the only aftringent fubftance or the 
principle of this property ; that every aftringent 
acts in a peculiar manner upon the folutions of 
iron; that fome precipitate it in a brown ftate, 
others dark green, others purple or violet, and 
others blackifh-blue; that the nut-gall leaves a 
large quantity of charcoal after its analyfis ; that 
this fuper-abundance of charcoal contributes 
much to the black coloration, by remaining 
alone and folid after the combuftion of the hi-’ 
drogen. Mr. Prouft has fince remarked that the 
aftringent partof the nut-gall effectually blackens 
only the highly oxigenated or red oxide of iron ; 
that it does not aét upon the too little oxided 
falts of iron; that much is gained in the prepa- 
ration of black colours by employing the red 
fulphate of iron. Such are the bafes upon which 

| the 
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the numerous advantages of the nut-gall in 
dyeing are eftablithed. ie 
We thall fee, in one of the fubfequent articles, 
that the nut-gall contains along with the gallic 
acid, befides extractive and mucilage, a certain 
proportion of a particular principle called tanin, 
which may be feparated from thete different 
matters diffolved with it in a decottion of nut- 
galls, by the acids, the alkalis and the falts. 


eek fess 

30. The principal ufe of the vegetable colour- 
ing matters is, as we have feen, to ferve in dye- 
ing and fometimes in painting, aftér they have 
been extracted and prepared into folid matters 
or lakes. The art of dyeing is one of the moft 
beautiful that exifis; it is one of thofe in which 
human induftry fhows itfelf at the higheft degree 
of perfection, and the products of which imitate, 
if they do not furpats, thefe of nature. As the 
purple of Tyre rendered that city illuftrious in 
antiquity, how greatly fuperior are the moderns 
in this refpeét; to all that the ancients have 
produced, the moft grand and beautiful, both in: | 
the multiplicity and variety of the colours, in 
their folidity, and in the refinements and num- 
ber of the proceffes which they employ, as well 
as the very common ufe of all the dyed ftuffs, 
which with the Romans were only.the marks: 
of the confular or patrician dignities, or the 
diftinétion of the rich alone, whilft with us-. 
nie nothing 
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nothing is more common than the moft brilliant 
and moft durable colours. | 


ARTICLE XX. 


Of the fèventeenth of the immediate materials of 
Vegetables ; of the Vegetable Albumen. 


3. NO author on chemiftry has yet enume- 
rated amongft the principles or immediate ma- 
terials of vegetables the fubftance which I 
call vegetable albumen, though for more than 
forty years the chemifts, efpecially thofe of the 
{chool of Rouelle, have found feveral vegetable 
matters, and even entire plants that had the 
characters of animal fubftances. The reader will 
call to mind what I have faid above, relative to 
this fubject, concerning the extractive and gluti- 
nous principles. I have alfo fhown in the preced- 
ing articles that moft of the vegetable colouring 
fubftances yield ammonia by analytis, that they 
contain azote, and that_ it is probably by this 
analogy of their primitive nature that they have 
fo much attraétion for the animal matters. 

2. In order that it may be well comprehended 
what I underfiand by the vegetable albumen, 
I muft mention that the name of albumen 
is particularly applied in the body of animals, 
to a liquid, ropy, and vifcous, of an infipid 
' tafte, foluble in cold water, concrefcible and 
2 folidifiable 
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folidifiable by heat, abandoning the water, and 
feparating from it in the form of flakes when it 
is heated, turning the fyrup of violets green, 
foluble by the alkalis, and efpecially by ammo- 
nia, putrefying without pafling through the 
acid ftate, affording azotic gas by the nitric 
acid before paffing into the ftate of oxalic 
acid. If there be found in the vegetable analyfis 
a matter which combines thefe properties, it is 
evident that it will merit and ought to bear the 
name of albumen, derived from albumen, white 
of egg, which combines them in an eminent 
degree. 

3. The firft obfervations which led me to fuf- 
pect in 1787, and foon afterwards to determine 
with precifion the prefence of an albuminous 
matter in vegetables, were the phenomena that 
were prefented to me by the defecation of the 
_ juices of the moft coloured green plants. In 

order to defecate the juices s of re cochlearia, of 
crefs, of beccabunga, it is known that it is fuffi- 
cient to plunge the bottles which contain them 
into hot water, between fixty and eighty de- 
erees of Reaumur’s thermometer, and even a 
little below this temperature. The green fecula 
which impairs its tranfparence, nis concretes 
and colleéts in fmall folid flakes, almoft round, 
which float at the furface of the vegetable 
liquids, or depofit themfelves at the bottom, and 
are very eafily feparated by mere filtration. I 
conceived then that this-kind of defecation em- 
ployed in order not to alter the juices and fepa- 

rate 
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rate from them the moft volatile part which che- 
ra€terizes them, could depend only upon the 
property of being coagulated by the aétion of the 
caloric, and that as this property belongs ex- 
clufively to the albumen, it indicated, in an un- 
_ equivocal manner, its prefence in the antifcor- 
- butic plants, 

4, { have confirmed the firft idea by direét 
experiments. As it was impoffible to confider 
the feculent matter of thefe juices, thus coagu- 
lated by heat, as pure albumine, on account of 
its green colour, I endeavoured to feparate the 
colouring part from it, in which I fucceeded by 
the following procefs. Juice of young crefs, 
filtrated cold through a piece of white paper 
without fize, left its grofs fecula upon the filtre, 
and pafied clear, but coloured with a beautiful 
green: expoted to the air in a flat veffel, at a 
temperature of the atmofphere of 25 degrees of 
Reaumur, jt became turbid im two hours and 
changed its tolour; a fecula of a deep green, 
much finer than the firft, fwam like a fort of 
flakey powder in the midft of this juice; filtrated 
a fecond time, this fecula remained upon the 
paper, and the juice was now only of a very pale 
oreen colour. JI then plunged it in a bath, 
the water of which was boiling; in a few 
minutes it became turbid, and there was feparated 
from it a great quantity of fmall whitifh clots. 
Another portion of the fame juice, left in the 
air, prefented to me at the end of two days, grey 
flakes, fimilar to the preceding. The fulphuric 

acid 
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acid feparated from a third portion of the dif- 
coloured juice concrete clots of the fame matter. 
It is evident that Rouelle took this albumen of 
the juices of plants for glutinous matter. 

5. Thefe flakes, whether depofited fpontane- 
oufly in the air, feparated by fire or by an acid, 1f 
carefully wafhed in much cold diftilled water, 
prefented to me in their examination moft of the 
properties of albumen in part concrete. The al- 
kalis diffolved them quickly and eafily ; boiling 
water did not attack them, and gavethem greater 
folidity than they had at firft; they gave a fen- 
fible green tinge to paper dyed with mallow- 
flowers ; diftilled, they afforded ammonia; ma- 
cerated in a little water, they became inflated, 
foftened, exhaled a fetid ammoniacal fmell, and 
exhibited all the figns of the ftrongeft putrefac- 
tion. It undoubtedly proceeds from this albu- 
men that the cruciferous. plants become fo 
guickly altered, and diffufe fo infeétious an 
odour during their corruption. A portion of 
this albuminous portion of the crefs, expofed to 
_adry and hot air, after having been well dried 
by preflure in fine paper without fize, acquired 
a fort of duétility and tranfparency analogous 
to that of giue: in a word, it comported itfelf 
abfolutely like the animal albumen, from which 
it differed only by its inferior tenacity and 
vifcofity. 

6. The juices of cabbage, of cochlearia and | 
of beccabunga, gave by che action of heat an 
albuminous concretion, perfeétly fimilar to that 


of 
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of the crefs. The root of patience prefented to 
me a very remarkable fact relative to this prin- 
ciple. I wifhed to prepare the extract of patience 
with young and {mall roots of this plant ; I found 
thefe roots fo much charged with juice, that I 
had them reduced into pulp and prefled; the 
exprefied juice was without colour or bitter 
taite; by evaporating it, I obtained no extraét, 
but there were feparated from it many fmall con- 
crete and white flakes, much refembling thofe 
that are depofited from whey during its clarifi- 
cation. A part of thefe flakes was precipitated 
to the bottom of the liquor, another raifed itfelf 
ina {cum to the furface of the juice. On ex- 
mining them, I found them to poffefs all the 
properties of albumen. 

7. Another circumftance m which I have like- 
wife difcovered the pretence of the albumen ir 
the vegetable matters, is the analyfis of the water 
of the lixiviation of flour; a lixiviation by which 
the gluten is left pure, the amilaceous fecula 
is precipitated in a white powder to the bottom 
of the water, and a mucofo-faccharine matter 
diffolves in this hquid. By evaporating this 
water, when very clear, and without any ex- 
tranéous fubftance, there are feparated from it 
white flakes of a concrete fubftance, which col- 
leét alfo in a white fcum at the furface of the 
liquor. Thefe flakes, well feparated and wafhed, 
prefented to me all the characters of albumen. 
‘Thus there are two animal fubftances in flour, 
the gluten and the albumen. 

9 8. I have 
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8. I have found traces of albumen in all the 
green feculæ, or rather in all the vegetable 
juices charged with a large quantity of this fe- 
cula, and in general in all the confiderably green 
plants; the young woods, the annual fhoots; 
I have not been able to extract any from 
perfectly formed wood, though the ammoniacal 
fetidity which it exhales when it is macerated : 
in water, indicates that it is prefent in it, but 
in a concrete and infoluble ftate. Neither has 
any vegetable acid prefented to me the flighteft 
trace of it, though all the juices of this nature 
are furcharged with. gummy or gelatinous mu- 
cilage, which is fpeedily depofited from them. 
It may be faid that here, as in the treatment’ 
of animal matters, the albumen is diffolved 
_and changed into gelatin by the acids. 

9. Since | publifhed my firft refearches upon 
this fubjeGt, Citizens Deyeux and Vauquelin | 
. have defcribed the properties which they have 
found in feveral of the faps of trees; and from 
the account and comparifon of their experi- 
ments, it is not difficult to perceive that they 
have found albumen in thefe liquids. It ap- 
pears even that it is this’ portion of albumen 
which Citizen Deyeux took for gluten, with 
which it has very confiderable analogies, both 
in its chemical charaéters and in its intimate 
st pedi aur. | 7 
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ARTICLE XXI. 


Of the Eighteenth of the immediate Materials ef 
Vegetables ; of the Ligneous Matter. 


1. IT is not long fince chemifts have be- 
gun to confider the ligneous matter as a parti- 
cular principle of vegetables; they formerly 
believed it to be a kind of earth, and they treated, 
or rather they neglected it, as fuch in all their 
experiments. Thus after having exhaufted the 
folid :vegetable matters by decoétion in water, 
and by the aétion of alcohol, what remained un- - 
touched and infoluble after this mode of analyfis 
was confidered as an earthy fubftance, a caput 
mortuum which they entirely negleéted. How- 
ever, its combuftible property ought to have 
drawn them from this notion, and induced 
them to examine this particular fubftance. Some, 
and I myfelf was of this opinion in the firft pe- 
riods of my inquiries, had begun to diftinguifh 
it as a body different from earth, and to compare 
it with the fecula; but new refearches foon 
changed my opinion in this refpect, and I fhall 
now give an account of that which they have 
led me to adopt, by indicating the refults of my 
experiments, which will prefent the diftinétive 
Ronnie of the ligneous fubftance. - 

2. After having exhaufted a folid vegetable 
matter, efpecially wood, bark, or a ed root, 

eae.” of 
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-@f all that it contains which is foluble in the 
re-agents which act only as folvents, and do not 
alter the intimate nature of the portion not dif- 
folved ; for example, after having boiled this 
matter in large quantities of water, till it paffes 
off without colour or tafte, and without con- 
taining any thing, there remains a pulverulent, 
or fibrous, or bar ad fubftance, more or lefs 
coloured, fufficiently ponderous, infipid and 
inodorous, infoluble, and which, on account of 
thefe properties, was formerly confidered as an 
earth. Boiling water having no aétion upon 
this body, and being incapable cither of foften- 
ing or diffolving it, I have thought that it con- 
‘fiderably is from the A fecula, 
to which I had formerly compared it, and I 
have confidered it as the vegetable fkeleton. 
This matter, which I call the ligneous 
matter, or the body, prefents properties which 
diftinguifh it from all other vegetable fubftances, 
and from all the immediate materials which are 
extracted from plants. When it is heated in con- 
tact with the air it becomes black without 
melting or {welling : it exhales thick fumes of 
-an acrid, pungent and peculiar fmell, in part 
ammoniacal ; it leaves a coal which retains its 
form, and from which are extracted, after 
it has been reduced to afhes, faline matters, 
efpectally a little pot-afk, fulphate of pot- 
afh, fulphate of lime and phofphate of lime. 
When it is diftilled in the retort, it affords 
water, a particular acid known by the name 
wae 12 of 
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of pyroligneous acid, oil, in part thick, concrete 
and empyreumatic ; . carbonated hidrogen gas 
and carbonic acid, and a portion of ammonia 
combined with pyroligneous acid. The coat 
which remains after this diftillation has con- 
ftantly the form of the wood, or of the fragments 
of wood that have been fubjected to diftillation, 
and it comports itfelf like that which is obtained 
by heating the ligneous fubftance in contact with 
the air. The ammonia, one of the conftant 
produéts of the ligneous fubftance, proves that 
this folid matter contains azote among its pri- 
mitive principles, and I have found that it af- 
forded about one hundredth of its weight. I 
have no doubt but that fome woods may be met 
with which will yield more of it.. 

4. One of the characters which moft pres 
diftinguith the ligneous. fubftances confifts in 
the property which it has of yielding, by the 
action of fire, a particular acid, different from 
thefe that are obtained in the analyfis of any of : 
the other immediate materials of vegetables, and 
which on that account has been called in the 
methodical nomenclature the pyroligneous acid. - 
I have only indicated it in the fyftematic enu- 
meration of the acids, and I mutt here give an 
account of its properties, as being the conftant 
produét of the action of fire upon the vegetable 
matter which I examine in the prefent article. 
Boerhaave firft diftinguifhed it by the name of 
acid fpirit of wood, and he has remarked that 
the hard woods, efpecially that of Guaiacum, 

furnifh 


LIGNEOUS MATTER: 117 


furnith the moft of it. Mr. Goettling has given. 
a particular examination of it in 1779, in Crell's 
Chemical Aunals, and the Academicians of 
Dijon have fuccefsfully repeated his experi- 
ments. | | 
5. All the woods, of whatever kind they may 
be, yield thisacid by diftillation ; nothing more 
is requifite, in order to obtain it, than to dif- 
til this body in chips in a retort of iron or 
ftone-ware; beech, oak, or birch are efpecially 
chofen for this purpofe. A reddifh, very odo-: 
rous, and very pungent liquor is obtained : 
the diftillation is ftopped at the moment when 
the oil, which would colour and alter this pro- 
duct, begins to pafs ; or elfe it 18 rectified by a 
fecond diftillation with a gentle and well-ma- 
naged fire; in this manner as much as one third 
ofacid liquor is obtained from thé wood. When 
this acid is pure, it is fimply of an amber colour, 
without being either oily or empyreumatic; its 
fpecific gravity is to that of diftilled water, as 49 
to 48. : 2 | 
6. In the ancient methods of diftilling wood, 
when their different products were collected 
and mixed, or were fuffered to confound them-. 
felves together in the receivers in which they 
were collected, the acid fpirit was feparated 
from them by a funnel; firft there paffed a {mall 
quantity of heavy oil which occupied the tube 
of the veffel ; afterwards followed the acid liquor 
of a more or lefs deep red colour ; then another 
portion of oil which had remained at the furface, 
| In 
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‘In this manner could be feparated, by mere me- 
chanical means, three different products in three 
different veflels, by receiving them feparately ac- 
cording to their fpecific a œravity. The acid liquor 
thus a rite was very highly coloured and im- 
pure; at contained a portion of oil in folution, 
which was gradually precipitated from it in brown 
and heavy drops; it diffufed an acrid empyreu- 
matic fmell, together with that peculiar to it, 
It may eafily be rectified by diftilling it with a 
lamp or fand-heat in a retort; by this means it 
is feparated from the empyreumatic oil which 
alters’ it ; it is obtained in a liquid of an amber- 
yellow miei: having no longer the fetid fmell 

of the firft product. | 
7. This acid, thus rectified and purified, or ob- 
tained from its firft diftillation made with the 
precautions before indicated, has a lively fmell, 
but which is not ftrongly empyreumatic, a very 
acid and flightly acrid tafte ; it ftrongly reddens 
the blue colours, and very quickly reftores 
the yellow colour of the curcuma when it 
has become purple by the aétion of the alkalis. 
‘When heated in-a retort, it is decompofed and 
burned, like all the vegetable fubftances that 
are treated with a firong fire; it affords water, 

carbonic acid, and leaves a {mall quantity of 
coal in the retort. When gently heated, it is | 
volatilized without decompofition ; its volati- 
lity does not appear to be fuperior to that of 
water. The pyroligneous acid has a pungent 
and manifeftly acid fmell, which is peculiar to 
| it, 
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it, and by which it may eafily be diftinguifhed 
from every other odorous matter. 

8. Combined with the earths and alkalis, 
“forms particular falts, different from all ae 
that are known. Mr. Goettling has employed 
pyrolignite of pot-afh treated by the fulphuric 
acid, in order to extract the pure pyroligneous 
acid. This falt became much heated with the 
fulphuric acid ; and the pyroligneous acid thus 
feparated had loft its empyreumatic odour, and 
acquired an alliaceous one. Citizen Eloy Bour- 
fier, of Clairvaux, has begun to examine the 
elective attractions of this acid for the earthy 
and alkaline bafes. Lime and barites attract it 
more than the alkalis. Lime feems to hold the 
firft rank in thefe attractions; magnefia is be- 
fore ammonia. This order, if well confirmed, 
would be fufficient to diftinguifh this acid from 
all others. For the reft, the alkaline and earthy 
pyrolignites are not yet known with fufficient 
accuracy, to enable us to prefent a hiftory of 
them. It appears alfo that the pyroligneous 
acid acts upon the metals and their oxides after 
the manner of the acetous acid, and that it 
might be employed in fome of the arts in the 
ae manner as the lattere It exerts a colour- 
ing a¢tion upon the vegetable and animal fub- 
{tances ; it colours wood red and brown.* 

9. Yo this diftinguifhing charaéter of the 
ligneous matter, of furnifhing a particular acid 


by 


* Refpeéting this acid, which has fince been afcertained 
to be the acetous, fee the Tranflator’s Preface. N. 


°120 LIGNEOUS MATTER. 


by diftillation, I thall fubjom that of affording 
azotic gas by the operation of the nitric acid, 
of being converted into malic and oxalic acids, 
which are in part faturated with lime, and into 
acetous acid. I muft even remark that it is one 
of the vegetable matters that have afforded me 
the moft oxalic acid, and that I have confe- 
quently propofed to fubftitute it in the place 
of fugar for preparing this artificial acid. I 
fhall fall add that the cauttic alkalis, with the 
aid of heat, foften, colour, and partly diffolve 
and decompofe it. : 

10. Thus there can remain no doubt refpeét- 
ing the particular nature of the ligneous matter. 
We fee that it differs, by the totality of its pro- 
perties, from all the other immediate materials 
of vegetables ; that it has well-marked pro- 
perties; that it ought to be confidered as the 
ultimate produét of vegetation, as a fubfiance 
the moft dirongly combined in its intimate com- 
pofition, as the moft infoluble, the moit un- 
alterable, the moti permanent of all that are 
formed in plants; and that in order.to make 
its analyfis, or to afcertain its nature, it is ac- 
tually necetlary that wefhould employ more pow- 
erful means, and ftronger agents, than for treat- 
ing and ACEO ing any of the other materials: 
of vegetables. It alfo réfults from the know- 
ledge that has been acquired refpeéting the lig- 
neous fubftance, that it is the moft highly car- 
bonated principle of the vegetables ; and that 
this is what renders it fo difficult to be deftroyed, 


and 
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and the caufe which gives to the coal that pro- 
ceeds from its femi-combuftion fo much of the 
organization of the wood, that we can diftinguifh 
both the fpecies of the wood, and the number 
of annual layers. — 


ARTICLE XXII. 


$ 


Of the Nineteenth of the immediate Materials 
| of Vegetables; of Tanin. 


1. THE particular vegetable matter, which 
is now called tanin, was formerly confounded 
with what was defignated by the name of affrin- 
gent fubfiance, or afiringent principle. Citizen 
Seguin, in his refearches upon the art of tan- 
ning {kins, firft diftinguithed this principle from 
the gallic acid, which fo frequently accompa- 
nies it in vegetable fubftances. He has par- 
ticularly charaëterized it by its property of 
uniting with animal matters, efpecially the 
albumen and gelatin, of feparating them from 
the water in which they are diffolved, of preci- 
pitating them in infoluble fawn-coloured flakes, 
and of forming with them an unalterable mat- 
ter, which conftitutes the bafis of tanned leather. 

2. Tanin is procured. by lixiviating tan or 
bark of oak, or of feveral other vegetables, in 
cold water. In this manner is obtained a 
liquor of a dark red colour, of an acerb and 
acrid tafte, which reddens the blue vegetable 
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3 2 


PP | TANIN. 


colours, which is very diftinguifhable as a parti- 
cular principle by its property of precipitating - 
the folutions of glue and of albumen, and alt 
the animal liquors that contain either of thefe 
matters, and of thus affording the reddifh fawn- 
coloured precipitate of which I am about to 
fpeak. The tanin is alfo diftinguifhed by the 
{trong fmell which it diffufes when it is diluted 
or diffolved in water. By evaporating its folu- 
tion, it furnifhes the tanin dry, and in a kind 
of extract which has not loft its properties, if the 
liquor has not been too much heated, but is 
{till foluble in water, and again acquires its 
ftrong fmell when diluted, and alfo combines 
with the animal matters, and tans them, or ren- 
ders them infoluble and unalterable. 

3. The tanin is found in a number of the 
barks of wood, of fruits, and of acerb vegetable 
excrefcences. It exifts in fumac, the outer 
fhell of the walnut; the bark and wood of the 
elder, of the oak, of the afh, of feveral kinds 
of poplars, in the nut-gall, even in the faps of 
fome trees, aud in general in all aftringent 
vegetables; the Peruvian bark and the Sima- 
rouba contain a certain quantity of it; All 
vegetable matters that are capable of tanning 
fkins fhow by that circumftance that they are 
charged with a greater or lefs proportion of this 
principle. . Itis known that in the proceffes of 
tanning, the peculiar matter of the tan, or 
tanin, diffolved in water, and efpecially when it 
forms a faturated and concentrated folution, 
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penetrates the foftened, diftended and inflated 
fkin, combines layer by layer with the gela- 
tinous animal matter, and forms, while it quits 
the water, and unites with the gelatin, a folid 
matter, of a reddifh or fawn colour, which con- 
tracts the texture of the’ membranous and 
cellular areole of the cutaneous matter, fo as 
to render it, if faturated with it, hard and brit- 
tle; that the operation is ftopped at different 
periods, in order that the leather may preferve 
the degree of flexibility and elafticity which it 
ought to have, from the fofteft and moft ductile 
calf-{kins, to the ftrong leather of which foles 
are made; and that this combination exhales fora 
long time the fmell of the tanin which it 
contains. I fhall treat again of this fubject in a 
more detailed and explanatory manner in the 
hiftory of animal matters. | 

4. All vegetable matters which contain 
tanin, more particularly the barks and the lig- 
necus texture in which nature forms and de- 
pofits it the moft abundantly, contain at the 
fame time feveral matters that are foreign to it, 
and from which it is neceffary to feparate it, in 
order to have it pure, andthe better to afcertain 
its true properties.. Mr. Prouft, in a Memoir 
fent to the Inftitute, has given an ingenious 
method for obtaining this principle pure, and 
interefting experiments upon its chemical cha- 
-racters. He has more efpecially taken the nut-gall 
for the objeét of his refearches.  Befides fome 
portions of extractive and mucous matter, the 

nut 
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nut-gall contains in its ligneous texture gallic 
acid and tanin. ‘The gallic acid not precipi- 
tating the fuper-oxigenated muriate of tin, 
whilf the tanin eminently enjoys this property. 
Mr. Prouft has ufefully availed himfelf of it 
for feparating thefe two bodies, and ee 
them diftinét. 

5. By pouring decoction of nut-galls mto a 
folution of fuper-oxigenated muriate of tin, an 
abundant yellow precipitate was formed. The 
liquor being filtrated and fet to evaporate, a 
new portion of this precipitate was feparated 
from it, which the author has ‘called tannate 
of tin, and it afterwards retained only gallic 
acid, muriatic acid, and a fmall quantity of 
oxide of tin. This liquor being put into a 
bottle half full, and fulphurated hidrogen gas 
made to pafs into it, gave a brown fulphurated 
oxide of tin. Expofed afterwards to the fun 
and the air for fome days, it loft the portion of 
fulphurated hidrogen gas which it had retained, 
and by evaporating it, “Mr. Prouft GANT pure 
gallic acid. 

6. The precipitate formed by the fuper-oxi- 
genated muriate of tin in the decoction of nut- 
valls, or the tanned oxide of tin or tannate of 
tin, diluted with a large quantity of water 
immediately aftér it had been obtained, was 
decompofed by fulphurated hidrogen gas which 
Mr. Prouft caufed to pafs into it: fulphu- 
rated oxide of tin was precipitated, and the 
pure tannin remained in folution. The liquor 
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left in the air, in order that it might lofe the 
portion of fulphurated hidfogen gas which it 
contained, was evaporated ; its golour becamé 
deeper; it diffufed toa uaa Ne diftance the 
charaéteriftic fmell of the tanin. Its tafie was 
very acerb, alittle bitter without being difa- 
greeable: it became turbid during its cooling, 
and depofited a brown powder Sec was dif- 
folved again by heat ; it neither putrefied 
nor became mouldy; it appears eminently to 
refift putrefaction, and it is on this account 
that, according to the remark of the author, the 
decoétion of nut-galls, after having been ftrong- 
ly mouldy, contains only tanin in an ee 
pure ftate ; evaporated to drynefs, it afforded a 
brown, Le friable matter, vitreous and brilliant 
nits fracture, refembling aloes, not deliquefcent, 
of a very acerb taite, fiable: in water, and much 
more fo in alcohol. This is pure aug in the 
dry extractive form. 

7. Mr. Prouft has found, fince the procefs " 
the muriate of tin, another method of obtain- 
ing the pure tannin from the decoétion of 
pale This method, which i is better than 
the None confifts in precipitating this de- 
coétion by pulverized carbonate of pot-afh, in 
wathing the greenith-grey flakes that. areob- 
tained well with coid water, and afterwards dry- 
ing them in a fove. The precipitate grows 
aes in the air, becomes brittle and brilliant 
like a refin, and neverthelefs remains foluble in 
hot water : this i is very pure tanin.  - | 


8. The 


HAE TANIN. 


8. The folution of purified tanin, . when 
poured into a folution of glue, forms in it a 
magma, which may be pretfed out between 
the fingers, which is foft, duétile, and appears 
to fhrink together. It may be elongated, and 
drawn out more than the gluten of the flour 
of wheat, and forms in its extenfion a fine 
-gold-coloured membrane, which contracts as it 
dries, and then becomes brown and brittle, vi- 
treous, indeftructible, infoluble in water and in 
alcohol ; it refumes its properties and characters 
by foftening in hot water: the animal albumen 
is precipitated by this principle like the gelatin, 
but it does not form an elaftic magma. The 
tanned gluten may be obtained with the fimple - 
decoétion of nut-galls poured into a folution of 
glue; but as the tanin can no more be feparated 
fromit without decompofing both of thefe matters 
when once united, this procefs cannot be em- 
ployed for obtaining the tanin pure and feparate 
from the gallic acid, &c. 

9. The folutions of lead being precipitated at 
the fame time by the tanin and the gallic acid, 
can not ferve for feparating thefe two ma- 
terials: The red fulphate of iron forms with 
tanin, according to the chemift of Segovia, an 
abundant precipitate, which at firft is of a dirty 
blue colour, and becomes black by drying. This 
precipitate differs much, according to him, from 
the gallate of iron, which is very light, re- 
mains for a long time fufpended, and has a 
black colour refembling that of Indian ink. 

3 NES ve Pure 


TANIN: 197 


Pure green fulphate of iron is as little precipi- 
tated by tanin as by the gallic acid. The gal- 
late of iron is eafily and entirely foluble in the 
acids; the tanate of iron, on the contrary, is 
decompofed, abandons the iron to them, and 
depofits the tanin pure: allthe acids alfo fepa- 
-rate the tanin from water. 

10. When the red fulphate of iron is preci- 
pitated by tanin, a portion of the latter dif- 
oxides theiron, and caufes it to pafs again into 
the ftate of green fulphate of iron; the oxige- 
nated tanin remains in folution in the liquor: 
it is equally obtained by the oxigenated mu- 
riatic acid, which deepens the colour of the 
_folution of tanin, and caufes it to lofe its 
tanning property. Mr. Prouft, who fays 
that he does not yet know the new ftate of 
this oxigenated tanin, compares this principle 
to the aa acid, and finds great analogies be- 
tween them. According to hig experiments, the 
-gallic acid lofes, its properties, like the firf, 
more efpecially that of precipitating the fulphate 
of iron in a black ftate. This is what he be- 
lieves to take place in old inks and writings ; 
where the gallic acid becomes oxigenated by 
the contact of the air. Perhaps indeed thefe two 
materials may differ only by a flight proportion 
. of their principles, as they conftantly accom- 
pany each other in vegetables, where they appear 
to be formed together, and perhaps at the ex- 
penfe of each other. 

| 11. How- 
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11. However it may be with their analogy 
and their approximation, it is neverthelefs cer- 
tain, in the prefent ftate of our knowledge, that 
the tanin is a vegetable matter much diffufed, 
efpecially in all the ligneous vegetables, almoft 
always attached to or combined with wood, 
well charaéterized by its fmell, its acerb tafte, 
its property of precipitating and hardening 
animal matters, of preferving thein, and ren- 
dering them unalterable, its eminently antifep- 
tic quality, its property of becoming colour- 
‘ed in the air, and of giving a brown and black 
dye. There is reafon to believe that this very 
temarkable vegetable principle is the common 
and general fource of the aftringent property ; 
‘that it is the principal feat of the virtue which'the 
“phyficians call antifeptic ; that it is perhaps the 
“matter which cures fevers, and the periodical re- 
turns of difeafes, and that laftly all the beau- 
tiful and firiking properties which it prefents, 
not only ed that I fhould treat of them 
at length, but alfo deferve the attention of 
philofophers, of chemifts and of phyficians. It 
cannot be doubted but that this ftudy will lead 
to great and ufeful difcoveries. 
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ARTICLE XXII. 


Of the Twentieth of the immediate Materials — 
of Vegetables; of Suber. 


1. I PROPOSE to give the name of /uber to 
a vegetable matter analogous to cork, and which 
perfents chemical characters fimilar to thofe of 
that body. This matter covers all the vegetables, 
and forms their epidermis; it is a-dry membrane, 
brittle, thin, femi-tranfparent, eafily rolling to- 
gether by the contact of the dry air, infipid, 
infoluble in water, and yet feparable from the 
bark by the abforption of this liquid, and the 
inflation which it receives from it. Cork, pro- 
perly fo called, feems to be only this matter 
“more indurated, condenfed, and accumulated, 
fo that the epidermis of every tree, confidered 
under this relation, is only a layer of cork. 

2. Though it was very probable, from the 
mere afpeét and external properties. of cork, 
which diftinguifh it fufficiently from all other 
vegetable matters, that it was really a fubftance 
different-from all others, it was not till 1787 
that Mr. Brugnatelli firft publifhed an obferva- 
tion that ferved to charaéterize cork as a parti- 
cular matter. By diftilling nitric acid upon this 
fubftance, befides the corrofion and the yellow 
colour that were already known to be produced 
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upon it by the contaét of the acid, this philofo- 
pher difcovered that there was formed a par- 
ticular acid different from all others. before 
known. Citizen Bouillon La Grange has fince 
examined this acid, which had only been an- 
nounced by Brugnatelli, and has given an ac~ 
count of feveral of its properties, as wéll as of 
thofe of the cork itfelf. It was already known 
that cork is very light, very comhuftible, that 
it gives a white and brilliant flame; that it 
leaves a very light, very black, fwelled coal, 
that it affords a little ammonia by diftillation. | 
3. When we with to treat this body by the 
nitric acid, the acid muftnot be taken too much 
concentrated nor containing too much nitrous 
gas, for it is fufceptible of inflaming it. Car- 
bonic acid gas and nitrous gas are difengaged 
during the reciprocal action of the cork and the 
acid. In proportion as the cork is converted 
into fuberic acid, there is feparated a yellow foft 
matter, which fwims at the furface of this li- 
quor, and is a particular fat matter, much re- 
fembling refin or fat: thefe are the yellow 
fragments which are feen fwimmimg upon the 
nitric acid into which cork-ftopper have fallen. 
4. By the evaporation of the nitric acid that 
has aéted upon cork, fmall needles of fuberie 
acid of a fawn-yellow colour are feparated. 
Citizen La Grange has employed two means for 
purifying it: the one confifts in combining it 
with an alkali, evaporating the well- filtrated 
folution to the confiftence of a fyrup, afterwards 
_ precipitating 


| SUBER. Bart. go 


+ precipitating it by a ftronger acid, fuch as the 
muriatic, and wafhing it well with cold diftilled 
water. The fecond means is to boil the yellow. 
fuberic acid with a little water and pulverized 
charcoal, and to filtrate the hot liquor; the 
acid is depofited by cooling, in the folid and 
cryftalline form; it is Tah lefs coloured than 
it was at firft: the remainder is obtained by 
evaporating the fupernatant liquor. It has a 
harfh and acerb tafte; it reddens the blue vege- 
table colours; it becomes black by the con- 
tact of light; by. a mild heat it is volatilized 
without being decompofed; it is liquefied by 
the contact of oxigen gas; it diffolves in water 
of which it requires at leaft fifty parts when it is 
cold; hot water diffolves much more, and it 
is feparated from it in part by cooling, in the 
ciyaatine form. 

5. The acids with fimple radicals do not-att 
upon the fuberic acid unlefs when they are con= 
centrated, and then they burn it. Alcohol dif- 
folves it better than water, and affumes withit a 
fmell of Eau de Noyau oralmonds. The combi- 
nations of the fuberic acid with theearthsand the 
alkalis are more or lefs foluble : fome of thefe fu- 
berates cryftallize well, others with difficulty ; 
there are fome which remain in the pulverulent 
and infoluble form, whilft others are deliquefcent. 
The firong acids decompofe them and precipitate 
from their folutions the fuberic acid which fepa- 
rates in | the cryftallized form, 
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6. The fuberic acid attacks few of the metais, 
if we except iron and zinc; it unites with al- 
moft all the oxides and forms with moft of them 
infoluble falts ; it changes the colour of the falts 
of zinc, of iron, and of copper; it precipitates 
the nitric folutions of lead, of mercury and of 
filver in a white powder. Citizen La Grange has 
began to determine the elective -attraétions of 
this acid, and he has found them to be, with 
refpect to the alkaline and earthy bafes, in the 
fame order as thofe of the fulphuric, nitric and 
muriatic acids for thefe bafes: He has not yet 
been able to appreciate thofe which it exerts 
upon the metallic oxides, 

7. The bark of the variety of the knotty kind 
of elm which is called the twi/ted elm, and which 
has the thicknefs, the foftnefs, the elafticity - 
and the porofity of texture of cork, prefent- 
ed to Citizen Vauquelin properties very much 
‘analogous to thofe of cork properly fo called, 
and fome experiments made upon the epidermis 
of feveral trees have prefented to me fufficiently 
marked. analogies with this epidermoid fub- 
fiance ‘of the oak which affords the real cork; 
to lead: me to think that I ought to approximate 
all thefe matters under the generic name of /uber, 
as forming really one of the diftinét and conftant 
materials of vegetables. It will require future 
labours and new reféarches to afcertain more 
accurately the nature of this body, which t me- 
nt all the attention of chemifis, sh. 
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8. Neither do I doubt but that this body, which 
fo much refembles the ligneous texture and the 
vegetable colouring matter, contains a certain 
proportion of azote amongft its principles; and 
though I have yet little pofitive knowledge 
refpecting its nature, at leaft beyond what is 
fufficient for diftinguifhing it from the ether 
immediate materials of plants, it is however 
fufficient to point out an analogy which ex- 
ifts, found between vegetables and animals, 
in the circumftance that their body is fur- 
rounded and covered with an infoluble texture, 
impervious to water, different from all the other 
textures of which they are formed, and really 
deftined to perform a particular funétion in their 
organization. | | 


. ARTICLE XXIV. 


Of the different Matters more or lefs analogous 
to Fofil or Mineral Subftances which are 
found mixed or combined with the immediate 
Materials of Vegetables. va 


1. IT has been feen by the numerous.faéts 
collected in a great number of articles of this 
feventh fection, that all the immediate materials 
of vegetables are formed, in their firft principles, 
of carbon, of hidrogen and of oxigen; that azote 
allo enters amongtt them in fome, which then 
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approach to the animal matters; that the fin- 
gular variety of form, of confiftence, of tafte, 
of fmell, of colour, and of all their chemical 
properties, depends almoft folely upon the dif- 
ferent proportion of thefe primitive principles, 
and that it requires only a very flight variation 
in this proportion to give rife to a very great 
one in their varieties. But befides this general 
uniformity of compofition, which admits in the 
diverfity of their refpective quantities of principles 
the caufe of their diverfity of nature, there is 
another fource of fome differences between thefe 
materials, the influence of which muft here be 
explained, and its relations with the properties” 
of thefe materials themfelves determined. 

2. This caufe exifts in bodies foreign in fome 
meafure to their intimate nature, which fome- 
times form part of their compofition, or which 
vary fome of their properties, though they are 
only diffeminated, temporary or acceffary to 
them. Thefe bodies, foreign to the vegetable 
-compofition, are foffil matters, moft frequently 
drawn up from the earth by the capillary 
tubes of the roots, and carried into the veffels 
of the plants with the juices or the water which 
thefe organs inceffantly abforb from it. They 
are in general of two claffes, either fimple or 
compound matters. J refer them; a. to the un- 
decompofed combuftible bodies ; 4. to the metals; 
c. to the acids; d to the earthy and alkaline 
bafes: e. to the faline fubftances ; and I fhall con- 
fider them in this order. | 

3. Amongft 
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3. Amongft the fimple combuftible bodies, 
fulphur and phofphorus are frequently met with 
in plants. Sulphur has been found in many 
of the cruciferous plants; their diftilled waters, 
alcohol diftilled upon thefe plants in the phar 
maceutical preparations, depofit fulphur, even 
in the cryftallized ftate by long ftanding. In 
putrefying, thefe vegetables exhale the fetid 
fmell of fulphurated hidrogen gas; the water, 
charged by diftillation with what was called 
their /piritus reGor or aroma, comports itfelf 
like a real folution of this gas in {mall quantity, | 
and depofits fulphur whenever this gas is de- 
compofed by the conta@ of the air and the ab- 
forption of the oxigen. According to the ex- 
periments of Citizen Deyeux, fulphur is ex- 
tracted in powder from the fecula of the root of 
patience, or from this root rafped and wafhed 
in water, or from the fcum which it forms when 
it is boiled in that liquid. Margraff has extraéted 

phofphorus from muftard-feed heated by a ftrong 
fire in diftillatien, and the phofphoric acid of 
the bog-ores, and alluvial-ores, particularly of 
thate of iron is attributed to the aquatic plants 
under which thefe ores are formed. 

4. Iron is frequently found in the fiate of 
oxide in plants; it is even faid to have been 
found in metallic grains in firawberries. The 
oxide of this metal frequently exifts in the afhes 
of vegetables. It is faid that thofe of the hard 
woods, efpecially of the oak, contain one twelfth 
of their weight of it. The colours of plants 
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and that of their flowers was formerly attributed 
 falfely to this metal. It cannot be doubted that 
it pañles from the interior of the earth through 
the roots. Scheele has found the oxide of 
manganefe as frequently as that of iron in ve- 
getable afhes, and-it-is probable that what has 
frequently been taken for iron was only the oxide 
of this metal. - Some chemifts, with becher and 
Kunckel at their Head, admit the prefence of 
gold in plants; but the very fmall quantity 
of this metal that can be extraéted from their 
afhes, and which is feparated from them only 
by means of fufion with lead, appears to pro- 
ceed rather from the latter than from the afhes 
themfelves, as has been proved by perfons of 
greater accuracy than thofe who have renewed 
in our days this antiquated pretenfion of che- 
miftry. 

5. Amonpgft the fimple burned bodies (after 
water hehe without being a real vegetable 
matter appears to be effential to the nature of 
plants, and neceffarily to forma conftituent part 
of their materials, which it- dilutes and tranf- 
pérts), there are only a few acids which are met 
with in the products of vegetables; only the 
carbonic acid is found pure in them; but it ap- 
pears to be fo frequent and fo abundant, efpe- 
cially in the faps, that it feems to form one of 
-the principal nutriments of plants, as I fhall 
fhow elfewhere. None of the other acids that 
are extracted from them exifts in them in a pure 
ftate, but always combined with earthy and al- 

| kaline 
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kaline bafes : fuch is the ftate of the fulphuric, . 
nitric, muriatic, and phofphoric acids, which 
are united in them with pot-afh, with lime, and 
fometimes, though much more rarely, with 
foda, in faline combinations. 

6. Several of the earthy and alkaline matters, 
of whichI have given anaccount in the fourth 
fe&ion of this work, exift alfo very frequently 
amongft the materials of vegetables. Silex is 
found in almoft all their afhes ; it is fometimes 
in concretions, as in the febafheer.  Alumine 
exifts in them, but much lefs than has been faid. 
Magnefia is in the fame predicament. Lime is 
much more abundant in them, and is found efpe- 
cially combined with the fulphuric, phofphoric, 
or carbonic acids. Pot-ath is found fo frequently 
in them, and forms fo large and conftant a part 
of their burned refidues, that it was formerly 
confidered as belonging exclufively to plants, 
and on that account called vegetable alkali. It 
was even believed that it was found only in ve- 
getables, that it was peculiar to them, and that 
it.was formed by'the very aét ‘of vegetation. 
Though it is well-afcertained that this alkali is 
found amongft foffils, and that it even forms 
one of their principles, efpecially in the vol- 
canic produéis, as I have elfewhere indicated, 
it is moft frequently from vegetable matters 
thatit is extraéted. After having burned herbs, 
and efpecially woods, their afhes are lixiviated, 
this lixivium is evaporated to drynefs, and in this 

manner the crude pot-ath or falin is obtained ; this 
; falt 
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falt is calcined ia evens, where it is kept red-hot 
for feveral hours: it is in this manner that the 
pot-afh of commerce is prepared. It contains, be- 
fides the portion of cauftic pot-afh, which 1s 
expected, carbonate of pot-afh, fulphate of 
pot-afh, muriate of pot-afh, fulphate of lime, 
phofphate of lime, frequently oxide of iron, 
oxide of manganefe, filex: all thefe foreign mat- 
ters are fcpardted by lixiviating them in very 
little water, by keeping this lixivium for a long 
time in the air, in order that the filex may be 
precipitated from it in proportion as the alkali 
abforbs the atmofpheric carbonic acid ; or elfe, 
af it is wifhed to obtain the pot-afh pure, by 
treating it with alcohol, either immediately, or 
after having mixed it with quick lime, in order 
to decompofe the carbonate of pot-afh which it 
_ contains: in this manner much more of cauftic 
pot-afh is obtained than when the alcohol, which 
does not touch the falts, is employed alone ann 
immediately i in order to diffolve it. 

7. Soda is much more rarely contamed in 
vegetables than pot-afh; thofe only which 
erow in the water of the fea furnith it by 
combuftion ; and it has elfewhere been feen 
that it is only by the incineration of the kalis, 
the vareks, and the fucus, that foda is ob- 
tained upon the fea-coafts. It is mot frequently 
combined in plants with the muriatic actd, 
fometimes, though much more rarely, with the . 
fulphuric acid. It appears, according to the 
analyfis of the falfola foda, made bg. Citizen 

Vauquelin, 
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Vauquelin, that foda exifts alfo in the pure and 
cauftic fate in marine plants. 

8. The falts, properly fo called, or the faline 
combinations of feveral of the acids with fimple 
radicals, with earthy and alkaline bafes, are alfo _ 
met with in plants; they are even the foffil 
matters that are found in them the moft fre- 
quently, and that are extracted from them the 
moft eafily. They are extraéted from their eva~ 
porated juices ; they efflorefece upon their ex- 
traéis ; they are feparated from their afhes. Such 
are particularly the fulphate of pot-ath, that of 
foda and of lime, the nitrate of pot-afh, the 
muriate of pot-afh, the muriate of foda, and 
the phofphate of lime. 


9. There is reafon to think that all thefe | | 


foffil matters, the quality of which varies ine 
ceffantly amongit the vegetable products which 
are not neceffary to their conftitution, which are 
only acceflary, and as it were accidental amongft 
their immediate materials, which in a word may 
vary greatly in their proportion and their di- 
verfity, without changing the nature itfelf of 
thefe materials do proceed immediately from the 
eartb in which the roots of the plants are 
plunged, and that they have been abforbed by 
the roots of thefe beings with the water, which 
efpecially ferves for their nourifhment ; accord- 
ingly they depend upon the nature of the foils 
in which thefe roots are placed. 
10. Some natural philofophers have, however, 
thought that vegetation gave rife to them, that 
they 
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they were formed ina direét manner in the or- 
gans of the plants themfelves: this opinion 
hes éfpecially been adopted as to pot-afh and 
“mitre. .There are {ome chemifts who even carry 
this notion fo far as'to believe that ‘iron is 
alfo formed by the powers of vegetable life; 
but far from acquiring or sec yer ne proofs of 
this ee. in the facts, it appears that i it becomes 
lefs and lefs probable i in proportion te the pro- 
grefs which | analyfis makes ; whilft the opinion 
which -admits the pafiage of thefe matters from 
the- foil itfelf into plants, receives every day 
additional confirmation. — 


we 


Fifth Order of Fads, refpeQing the Veectable 
Compounds. 


Of the fpontaneous Alterations of which thefe 
| Compounds are fufceptible. 


ARTICLE I. 


Of the Nature and general Caufes of thefe 
- Alterations. 


4. ALL the phenomena, all the facts hither-_ 
to collected refpeéting vegetable compounds, 
proves, as has been fhown in the preceding arti- 
cles, that thefe compounds, being more complicat- 
ed in their compofition than thofe which belong 

to 
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to the foffils, are alfo for the fame reafon ae 
Jefs permanent than the latter. The attractions 
which exift between their primitive principles, 
at leaft to the number of three, permit, them 
but rarely to remain permanent mi the fi rit fiate; 
unlefs when their molecules being: very clofe 
together, and very much Bh sidn fet ‘donot - 
admit between them any foreign fubfiance, 
which may feparate them, and folicit thofe of 
their component oor to re-aét upon one an- | 
Le | 

. As foon as the circumftance of the M 
ae of their integrant moleculés takes place by 
the imtromiffion, “eithee of thofe of. caloric, or | 
of. thofe of water, which is always aecompanied 
with the former of thefe bodies, the equilibri- 
um of their compofition is then fpeedily broken, 
the: attraction between the “ primitive bodies 
which compofe them is changed, and affumes 
another mode ; and by uniting im another man- 
ner, by tending to combine two and two, or 
each feparately, with thofe that are moft accom- 
modated to them, they induce the more or lefs 
entire diffolution of the firft compound, its 
more or lefs profound alteration, its more or lefs 
complete decompofition. ©.” 

3. Such is in general the two-fold firft caufe 
of all the: fpontaneous alterations of which 
vegetable- matters are fufceptible: the one re- 
fides in the nature of their compofition itfelf, in 
the weaknefs of the equilil brium which holds 
their principles united, in the difpofition which 
POA Sas : they 
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they have to feparate in order to combine it 
another order. Nature, having intended only 
a tranfent and temporary adhefion in thefe ve- 
getable compounds, has imprinted upon them 
the character of variability and eee hee 
the other caufe confifts in the intromiffion of the 
molecules of any bodies between their owe ; an 
intromiffion which, by weakening the connection 
which keeps them united, by diminifhing their 
_ peculiar attraction, difpofes them to feparate; 
caufes them to unite in another order, to form 
new compounds, and to appear under new forms 
and with new properties. 

4, Itis conftantly obferved that the effect of 
the inteftine movements, which occafion thofe 
fponaneous changes of nature and compoñition, 
that the particular confequence or the regular 
and determined feries of thefe movements, pro- 
duce in general compounds lefs complicated than 
thofe which have been thus fubjeéted to them. 
Thus the hidrogen tends to unite with the oxigen 
and to form water; the hidrogen tends to com- 
bine with the azote, and to conftitute ammonia; 
the carbon to feize feparately upon the oxi- 
een, and to compofe the carbonic acid. Such 
is alfo the conftant termination of thefe altera- 
tions which, when confidered under this point of 
view, refemble the effect produced by the action : 
of fire, or by that of the powerful acids, the moft 
energetic oxigenated bodies. - 

6. But hefore the laft terms.of the fponta- 
neaus, of which eae vegetable compounds are 

| fufceptible, 
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fufceptible, is attained by the decompofition 
whichthey undergo, they ftop at different periods, 
they remain in different intermediate ftates, they 
paf through feveral fucceffive terms in which they 
have acquired particular characters, diftinétive 
properties which may be eafily difcerned, and 
in which, by attentively watching the periods 
when they arrive, it is poflible to interrupt their 
continuation, and to fix them in fuch a manner 
as to prevent the alteration from advancing far- 
ther, or being longer continued. 

6. Since fans has afcertained this na- 
tural attraétion of the vegetable compounds, as 
well as the caufes or general circumftances 
which favour it, it muft not only throw a 
light upon a multitude of effeéis and produe- 
tions which are its natural confequences among ft 
the numerous phenomena of nature, but it has 
has alfo led me to inveftigate the méans either 
of producing thefe alterations at pleafure, or 
ef carrying them to the point which we 
wifh them to attain, or of fixing them at the 
period which we may find ufeful for our wants, 
or finally of entirely ftopping them, and pre- 
venting them from taking place; and all the 
means which are at the difpofitidn of the arts 
are employéd by man with more or lefs fuccefs, | 
and varied, according to the produéts which 
he may with to procure. | 

7. The fcience, after a long eourfe of ob- 
fervations upon the fpontaneous alterations 
to which the vegetables are fubje@, and which 

| they 
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they experience in a manner, varied according 
to circumftances, and the different agents to 
which they are fubjeéted, has been under 
the neceffity of diftinguifhing the nature itfelf 
_of thefe alterations into feveral fpecies. It 
confiders in fucceffion, and in this order the 
fermentations, the gradual decompofitions in the 
air, the flow and fubterraneous action of wa- 
ters, the influence of the foil, and the differ- 
ent kinds of earth upon the vegetables that are 
buried in it, and confequently paffes in review, 
in the courfe of thefe important confiderations, 
the varied produéts of thefe. alterations ; thofe 
of the fermentations, the putrefied woods, the 
moulds, the bitumens, the foffil vegetables, the 
petrifactions, &c. + 
8. This manner of defcribing and confidering 
‘the fpontaneous alterations of vegetable mat- 
ters, which is infinitely more methodical than 
any that has hitherto been attempted in Elemen- 
tary Treatifes of Chemiftry, has the advantage 
of prefenting , in a well-arranged fyftem, the to- 
tality and the feries of feveral bodies which has 
formerly been erroneoufly referred to the mineral 
kingdom. I need not remark that all thefe alte- 
rations take place only upon vegetables deprived 
of life, that vegetation repels them, that their ef- 
feéts may be confidered as the means of natural 
analyfis, and that by obferving them with much 
attention, the fcience may derive great light with 
refpeét to the nature and compofition of ve- 
getable fubftances. This laft point, as well as 
that 
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that of the utility of the produéts formed in 
confequence of thefe alterations, fhall particu- 
larly occupy the fubfequent articles, 


ARTICLE II. 


Of the Fermentations in general, and of their 
Difiinélion into feveral Species. 


1. AS the changes which take place in 
vegetables by their fpontaneous alterations are 
almoft always accompanied with an inteftine 
movement which agitates them, raifes them, 
and feems to torment their mafs, the phenome- 
non itfelf by which the vegetable matters thus 
fubjeéted to the eye of the obferver in the air, or 
in open or tranfparent veffels undergo thefe 
changes, has been called fermentation; fo that 
no modification dependant upon their intimate 
nature, and fufceptible of changing this nature 
itfelf, is faid to take place without fermentation. 

2. It was foon perceived in the fcience that 
this fpontaneous alteration varies fingularly in 
vegetable matters, according to the differ- 
ence of their nature ; and as every internal va- 
riation ot change dependant upon the nature of 
thefe matters itfelf, and taking place without 
the neceffary intervention of a foreign agent, 
has, from that circumftance alone, the charac- 
ter of a fermentation, it was natural for che- 
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mifis to diftinguifh the different fpecies of fer. 
mentation. 

5. Boerhaave firft diftinguifhed three fermen- 
tations, the firft of which he called the /piri- 
fuous fermentation ; the fecond, the acid or 
the acetous fermentation ; the third, the putrid 
fermentation. He confidered them as eftablith- | 
ed by nature in a conftant order, and following 
each other regularly in that which I have juft 
enunciated, Thus the fecond, according to 
him, could take place only after the firft, and 
the third only after the fecond; whence it is 
eafy to fee that he conceived them as a feries of 
inteftine movements linked together by an equal 
and intimate caufe, fucceeding each other by 
an indifpenfable neceffity, and “mutually excit~ 
ing each other. 

4. Though feveral chemifis have propofed 
fome modifications of this ingenious fyftem 
of Boerhaave, moft natural shilofonkens have 
adopted all his notions, and this courfe has lone 
been followed in the fchools. That of Rouelle 
efpecially has greatly contributed to propagate, . 
and-even to extend it. Each of thefe fermen- 
tations was diftinguifhed by its product. That 
which was called /pirituous had for its product’ 
fbirit of wine, or ardent fpirit, which is now 
called alcohol ; that of the fecond, or of the 
acid fermentation, was v vinegar ; and on this ac- 
count it. was called acetous, after Boerhaave ; 
laftly, the putrid fermentation bore the name 
of alkaline, becaufe the volatile alkali, or am- 
monia, 


Le 
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s 
inonia was confidered as its effential or conftant 
produét. 

5. Some chemifts, and efpecially Bucquet, in 
the laft years of his life, and in his laft lectures, 
from 1776 to 1779, believed that this diftinétion 
into three fpecies was not fufficient to com- 
prehend all the alterations or fermentations of 
which the vegetables are fufceptible. They 
adduced, as proofs of their opinion, the rifing 
_of dough, or the panary fermentation; but this 
manifefily tends to form an acid, and enters 
into the fecond fpecies of Boerhaave: and the 
fermentation which develops. itfelf in the co- 
_louring parts, fuch as thofe of the saath ie 
and saree. | 

6. By confidering this fubjeé in all its extent, 
and under all its afpeëts, I have found that 
there are actually feveral kinds of fermentative 
movements, which are different from the three 
fermentations diftinguifhed by Boerhaave, ei- 
ther by their phenomena or by their produét; 
that it was neceflary to add at leaft two very 
diftinét fpecies to the three admitted after the 
celebrated profefior of Leyden; and that in 
proportion as more attentive and accurate in- 
veftigation fhall be made into the circumitances, 
the conditions, and the effects of thofe fpon- 
taneous movements which the different veges . 
table matters undergo, we fhall naturally be led 
hereafter to multiply their fpecies {till more,-and 
to determine their real differences, 

L'5 | 7. I there- 
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7. I therefore admit five fpecies of vegetable 
fermentations ; the firft is the faccharine fer- 
mentation; the fecond, the vious fermen- 
tation; the third, the acid fermentation ; the 
fourth, the colouring fermentation; and the 
fifth, the putrid fermentation. Their difpofi- 
tion announces that they follow each other in 
the order in which they have been enunci- 
ated; that there is one which precedes that 
which Boerhaave confidered as the firft, and an- 
other placed between the acid and the putrid 
fermentation. I fhall here treat of them fuc- 
ceffively in feparate articles; but I muft firft 
prefent a few general truths. | 

8. The firft of thefe general truths is the ne- 
ceffity of well diftinguithing the fermentative 
alteration from the other fpontaneous changies 
of which the vegetables are fufceptible: for 
example from thofe which they undergo, when, 
otherwife deprived of the conditions neceffary 
to the effeét of fermentation, they are immerfed 
in water, or buried in dry earth. Here not 
only the circumftances which I may call fer- 
mentiferous are wanting, but the vegetables are 
themfelves fubjeéted to the ation of other 
agents capable of retardiug or ftopping their 
fermentation, or of acting in fome other man-— 
ner upon their compofition. Accordingly, in 
the order of faéts with which I am here occu- 
pied, I diftinguith the formation of the foil, 
that of the bitumens and foffilization, properly 
| ù : fo 
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fo called, from the fermentations. Though 
the very nature of the vegetable matters, which 
undergo the one or the other of thefe altera- 
tions, confiderably oppofes any real fermen- 
tation, I fhall fhow, in treating of thefe phe- 
nomena, and of their produéts, that the ex- 
traneous circumftances, that the infiruments or 
the agents in which the vegetables are immerfed 
when they experience the effects very different 
from fermentations, modify the kind of altera- 
tion which they undergo in a very different 
manner. ‘ 

9. A fecond truth ftill more nearly relating 
to the hiftory of fermentation in general is, 
that no vegetable matter can undergo it, unlefs 
it be penetrated with a certain quantity of wa- 
ter, which, as I have already announced in 
the preceding article, feparates its particles, di- 
minithes their own attraétion, and difpofes them 
to aét reciprocally upon one another. This ne- 
ceflity of water is fo indifpenfable, that the 
fureft means of preventing all fermentation con- 
fifts in depriving the vegetable matters com- 
pletely of this liquid, by totally drying them. 
In the dry ftate, thefe bodies preferve the in- 
tegrity of their compofition ; they undergo no 
kind of alteration or change. It is fuffici- 
ently known, from the hiftory of grains and 
feeds of every kind, that they are only to 
be preferved found by keeping them in dry 
places, defended againft all kind of moifture; 

from 
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from that of plants of all kinds, of roots, ftalks, 
flowers, and fruits, which are only preferved. 
during feveral feafons, and even whole years, 
after they have been dried in the fun or in 
ftoves; and laftly from that of the pulps, the pow- 
ders, the farinæ, the extraéts of all the phar- 
maceutical vegetable preparations, the purity 
and the properties of which cannot be preferved, 
unlefs by reducing them to a ftate of perfect 
drynefs, and inclofing them in veffels well de- 
fended againft Autwies vapours. 

10. ah third truth which I muft place here, 
in order to elucidate the general conditions of 
fermentation, and render their particular theory 
better underftood, is, that a certain elevation 
_of temperature is neceflary to the produëtion 
of this movement: no fermentation is known 
below the freezing point, and even moft of 
thofe movements do not begin to be excited, 
except at temperatures elevated above fifteen 
degrees of Reaumur’s thermometer. Thus all 
fermentation is ftopped, -or rather it cannot 
take place under the poles, in the frozen. 
countries and feafons: and thus, on the con- 
trary, the hotter climates prefent the fermen- 
tations in all their power, in all their aétivity. 
However, in the torrid zones, fituated under the 
equator, thefe movements take place only in the 
more fluid vegetable matters, or in thofe which 
contain much water; for thofe which. are 
provided only with a fmall quantity lofe it 
quickly, and dry with fuch celerity in the 

torrid 
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torrid regions, that this firft effeét in general 
oppofes the procefs of fermentation. » 

11. Though thefe two circumftances, water - 
and heat, are the two moft effential conditions 
of fermentation in general, their neceflity or 
the proportion of their influence in fome refpeét . 
varies for each fpecies of fermentation. There 
are fome which require only a {mall proportion 
of water and a temperature littleelevated ; others, 
on the contrary, require much liquid and a 
pretty ftrong heat. But thefe details belong to 
each fermentation in particular. # 

12. It has long been remarked that by mixing 
with a vegetable fubftance fufceptible of fermen- 
tation, a portion, frequently even a very {mall 
one, of the fame matter which has already fer- 
mented, the firft pafles into the fermentative. 
motion with much greater celefity than if it 
had been alone, and paffes through it in a much 
more rapid manner. Every one knows that it 
is in this manner that the dough of wheat is 
made to rife more confiderably, and to fer- 
ment more quickly, by adding a {mall quan- 
tity of yeaft or of dough that has already 
rifen, known by the name of Zeaven. The 
chemifts, fince Stahl who wrote a particular work 
upon this fubjeét, have eftabäifhed a theory of 
what were called ferments, which has been 
much abufed in medicine, into which it has 
been transferred. They have believed that no 
fermentation could be produced without the 
addition of an ajready fermented matter ora 
: ferment. 
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ferment. The phyficians, on their part, have 
thought that a fimilar effeét took place in a 
multitude of difeafes, and that particularly all 
thofe which proceeded from a virus, efpecially 
the affections communicated by inoculation, by 
the introduction of any matter, owed their 
origin only to an inteftine movement occafioned 
by a ferment. It is at prefent well underftood, 
that though foreign bodies introduced between 
the particles of different vegetable fubftances, fa- 
vour the movement of fermentation to which 
they are naturally difpofed, it is not neceffary 
that thefe bodies fhould themfelves have fer- 
mented ; and that, though in the latter cafe the 
fermentation is generally eftablifhed in a more 
rapid and more evident manner, yet every ex- 
traneous fubfiance capable of removing the par- 
ticles afunder, and diminifhing their reciprocal 
‘adhefion, enjoys the fame property; thus the 
carbonic acid, by its character of eafily affuming 
the gafeous form, of occupying a large fpace, 
confequently of removing the particles of the 
bodies between which it is lodged, has more 
efpecially the property of giving rife to fermen- 
tation in them, and of developing more quickly 
that. inteftine motion which tends to effeét a 
change of their nature, as appears from the re- 
fearches of Mr, Henry, an Englith chemitt. 
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ARTICLE III. 
Of the Saccharine Fermentation. 


1. I TERM the faccharine fermentation an 
an inteftine and fpontaneous motion, which is 
frequently excited in feveral vegetable fub- 
ftances, and by which a faccharine matter is 
formed in them, which did not previoufly exift 
there. Since this phenomenon really exifts, 
and fince, without the action of any external 
agent or inftrument foreign to the neceffary 
conditions of fermentation, an infipid vegetable 
fubftance becomes truly faccharine, it is impof- 
fible not to admit in this fpontaneous produc- 
tion an actual fermentation. The faéts which I 
am about to colle& will place this truth out of 
all doubt, 

2. I place this Pili in the firft rank, 
becaufe it really precedes the vinous fermentation 
which Boerhaave had confidered as the firft. In 
faét, we fhall foon fee that the prefence of a fac- 
charine matter is indifpenfably neceflary to give 
rife to the formation of a vinous. liquor; that all 
the mucous, infipid fubftances are abfolutely 
imcapable of experiencing this vinous fermenta- 
tion; that all thofe, on the contrary, which 
have a more or lefs faccharine tafte, are 
evidently fufceptible of it; and that the not 
faccharine or infipid fubftances, which fome- 

: times 
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times pafs into the vinous ftate, cannot arrive at 
this ftate without previoufly contracting the 
tafte and all the properties of the faccharine 
matters. 

3. This tranfition of the infipid matters into 
the ftate of faccharine fubftances belongs to a fer- 
mentation, and it is this which I term faccharine, 
becaufe its product is fugar. : I do not mean to 
imply that the formation of the faccharine mat- 
ter depends always and neceffarily upon this fpe- 
cies of fermentation ; or that becaufe a vegetable 
matter is faccharine, it has undergone this par- 
ticular movement: 1t would be equally: necef- 
fary to fuppofe that there could be no vinegar 
or acetous acid without the acid fermentation 
and the inteftine change of a wine; whereas a 
multitude of chemical faéts, feveral of which I 
have already prefented upon former occafions, 
and to which I fhall hereafter add fome others, 
prove that acetous acid is formed by other cir- 
cumftances befides fermentation; and we have 
feen it particularly in the aétion of the fulphuric 
and nitric acids upon the infipid, vifcous and 
dry vegetable matters. The fame is the cafe 
with fugar: fome fugars are formed in vege- 
table matters by the progrefs of vegetation it- 
felf; but there are fome alfo which are produced 
by a kind of fermentation; and it is of this that 
we have to treat in the prefent article. 

A, One of the firft proceffes in the art of brew- 
ing will be fufficient to prove the exiftence of 
the faccharine fermentation. It is known that 

barley, 


SACCHARINE FERMENTATION. 15$ 


barley, wheat, maize and moft of the cereal feeds, 
penetrated firft witha certain quantity of water, 
and afterwards expofed in heaps to a tempera- 
ture above 12 degrees, {well and announce the 
inteftine movement that is excited in them by 
the development of the germ which fprouts out 
of thefe feeds. At this period the brewer ftops 
this motion ; he heats and dries thefe germinated 
feeds by the action of the fire in the malt-kiln; 
and when they are well dried, he grinds them 
in order afterwards to prepare a decoétion of 
them, which then is capable of fermenting 
and affording beer. The grain in this ftate has 
acquired a faccharine tafte, and the water which 
has been boiled upon this matter has extracted 
from it a real faccharine fubftance which may be 
obtained from it by evaporation. Previous to 
this fermentation, it was infipid and fimply fari- 
naceous, and it is a portion of this infipid mat- 
ter which has become faccharine by a real 
fermentation, and by the inteftine motion 
of its own particles removed from each other 
by the water and the caloric; for it is impoffible 
to attribute this phenomenon to any other caufe. 
5. It cannot be doubted that this faccharine 
fermentation takes place in all the cereal grains, © 
perhaps in all the monocotyledonal feeds which 
germinate. The germination itfelf appears to 
be its. neceffary cônfequence, or at leaft con- 
{tantly to accompany it. All the germinated 
feeds are in fact faccharine, and I have obferved 
a fufficient number of them in this ftate, to in- 
duce 
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duce me to think. that. this phenomenon is ge- 
neral; it is not. improbable that many of the 
dicotyledonal feeds prefent the fame charaéter 
during their germination. Thus the faccharine 
fermentation, or the converfion of the mucous, 
infipid and feculent fubftance into fugar, by the 
effect of germination, may be reckoned amongft 
the number of the firft chemical phenomena 
which vegetation prefents. 

6. There exift many other circumftances of 
the vegetable analyfis in which a faccharine 
matter is formed at the expenfe of another 
matter which was not previoufly fuch. Such 
efpecially is the maturation of fruits; it is uni- 
verfally known that fruits are gathered from a 
great number of trees when they are very far from 
being ripe and. faccharine, that their maturation: 
takes place only in the fruit-houfes where they 
are kept, and require periods of longer or 
fhorter duration. This obfervation is efpecially 
applicable to apples. and pears, though it may 
be extended to a great number of ter fruits. 
Thefe bodies, at the time when they are gathered 
from the trees, have frequently only a harfh, 
acerb, four and difagreeable tafte : this tafte foon 
experiences certain modifications; they become 
fweet, faccharine and agreeable; and it is too 
evident to require a more profound difcuffion, 
that in this cafe the fruits experience, in their 
pulp or parenchyma, an inteftine change which 


ie, be attributed to a real fermentation. 
: 7. The 
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=: % The fame modification, though not pro- 
ceeding from the fame caufe, is remarked in fe- 
veral domeftic operations. Baking in wood- 
afhes or boiling in water gives many roots and 
fruits a faccharine tafte which they did not pre- 
vioufly poffefs, and appears to develop in them 
this particular matter, by means of the change 
which the ftrong aétion of the fire has pro- 
duced in their principles. The cafe is‘the fame 
with the effect produced by fome re-agents, efpe- 
cially by the powerful acids, in feveral infipid ve- 
getable fubftances, efpecially in the germens and 
the amilaceous fecula, The muriatic acid gas, 
efpecially the oxigenated, frequently communi- 
cates to their folution in water,. together with a 
reddifh colour and the confiftence of fyrup, a 
faccharine tafte, which announces the manifeft 
tranfition from the ftate of mucous matter to 
that of faccharine fubftance.  Lafily, fome 
modern phyficians, Meffrs. Rollo and Cruik- 
thank, think that this fame infipid and mucous 
fubftance is frequently converted into faccharine 
matter in the human ftomach, when the digef- 
tive power or energy of its gaftric juice are di- 
minifbed ; they even attribute to this impaired 
and faccharine digeftion the caufe of a difeafe, 
which appears to be more frequent in England 
than in France, called the Diabetes mellitus, 
on account of the faccharine tafte of the urine 
which is difcharged in great abundance by the 
patients affected pie it. It is evident that in 
this cafe, the confirmation of which muft be 
awaited 
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awaited from fubfequent obfervations, a real 
faccharine fermentation takes place in the fto- 
‘ mach. Something fimilar takes place in the 
ftomach or the mufcular glands of females that 
fuckle their progeny. 


~ 


ARTICLE IV. 


Of the Vinous Fermentation and its Produéis, 
Wine and Alcohol. 


1 VINOUS fermentation is the name given to 
that which Boerhaave called the /pirituous: the 
latter appellation was derived from that of fpirit 
of wine, which was given to the product of the 
diftillation of wine ; but this laft, being the true 
product of the fermentation in queftion, it is 
more natural and more accurate to call 
this fermentation vinous, and particularly fince 
the denomination of fpirit of wine which was 
formerly given to this liquid has been rejected. 
The hiftory of the vinous fermentation being 
one of the moft important and moft ufeful parts 
of vegetable chemiftry, ought to be treated with 
the greateft attention and in a fufficiently de- 
tailed manner to render it perfpicuous and com- 
plete. I therefore divide this article into fix 
paragraphs. The firft fhall treat of the definition 
and the literary hiftory of the vinous fermenta- 
tion, the fecond of the conditions which it re- 

| quires ; 
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.quires; the third of the phenomena which it 
prefents ; the fourth of the immediate product 
which it yields, or of wine; the fifth of the re- 
mote or ultimate produét which is obtained 
from it, namely alcohol; and the fixth fhall be 
devoted to the examinations of the caufes of 
the mechanifm of this fermentation and of the 
formation of alcohol. 


SECTION I. 


Definition and Literary Hiftory of the Vinous 


Fermentation. 


2. IHAVE remarked that this fermentation is 
called vinous, becaufe its aétual produét is wine; 
and this is fo true that it is its confequence and 

_neceffary effect. It ought not to be called fpi- 
rituous, not only becaufe the abfurd denomina- 
tion of /pirit of wine has been rejected, but be- 
caufe this is not its produét or immediate produc- 
tion: it has not therefore been called alcoholic 
fermentation, as it ought to have been, if this 
firft idea of its nature and its effeét had been 
adopted, 

5. Boerhaave was the firft chemift who en- 
deavoured to diffufe the lights of found natural 
philofophy over the nature of fermentation, and 
endeavoured to explain its caufe and pheno- 
mena. He has had the merit of renouncing the 
| falfe 
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falfe theories which had ‘been fet up before him . 
concerning the nature of this movement; he 
perceived that the ftate of phyfics in his time 
was not fufficiently advanced to afford a proper 
notion of its real caufe. The defeétive natural 
philofophy which prevailed for a long time 
in the fchools in the explanation of chemical 
phenomena, attributed the vinous fermentation 
to the motion and reciprocal friétion of the par- 
ticles, and explained nothing by attempting to 
explain every thing. Becher had an idea much 
nearer to the truth, though ftill far from pre- 
cife and exact, though at leafi fufficiently inge- 
nious, when he compared fermentation to a kind 
of combuftion. 

4. From Boerhaave to Rouelle and Macquer, 
nothing accurate was advanced refpecting the 
vinous fermentation, but its phenomena were 
ftudied and better defcribed: the deficiencies of 
the hypothefis, which till then had been main- 
tained, were gradually perceived, and adopted 
with more or lefs ardour, or maintained with more 
or lefs zeal. Macquer, without difcovering any 
thing new refpeéting the mechanifm of this 
fpontaneous commotion, collected in à more ac= 
curate manner than his predeceffors the totality 
of its phenomena; he has given fome exaét ex- 
periments towards improving the fabrication and 
the nature of wines. 

5. Many philofophers and chemifts have fince 
laboured upon the proceffes of the different 
kinds of vinification, upon. the difference 


of 
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of wines, upon the art of afcertaining their 
quality, of correéting their defeéts, of obviating 
their depravations, of analyzing them, of im- 
… proving their ufeful properties, and of feparating 
their alcoholic produét. Amongft thefe authors 
we muft particularly diftinguith Rozier, Maupin, 
Baumé, Bullion, -to whom we owe a great 
number of valuable obfervations and advantage- 
ous proceffes. 

6. Till the epocha of the ao of the de- 
compofition and nature of water, nothing was 
or could be done refpeéting the caufé and the 
mechanifm of the vinous fermentation. Since 
that epocha, one of the authors of this difcovery, 
the illuftrious Lavoifier, began by a fine courfe 
of experiments upon this inteftine commotion, 
to acquire a glimpfe of its fource, its origin and 
the phenomena which give rife to it. His re- 
fearches upon this part of the fcience, though füll 
imperfect, as he himfelf was aware, are among 
the fineft monuments that have been raifed 
to fcience, and are to be reckoned amongft the 
chefs-d’oeuvre of chemiftry that have rendered 
this age and the French nation illuftrious. 

7. It has ‘been by the aid of the firft data of 
Lavoifier, both upon the formation and the de- 
compofition of alcohol, that a feries of impor- 
tant difcoveries have fince been made relative to 
the action of this body, whether as a folvent, or 
a re-agent, or as aciing by its intire mafs and.in 
its perfect integrity, or as becoming altered and 
decompofed. Thirty years had fcarcely elapfed 
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from the period when the moft able chemifts, 
Rouelle, and Macquer,confidered, with juftice at 
that time, the vinous fermentation as_one of the 
moft impenetrable myfteries of Nature, as a fort 
of fanétuary in which fhe deeply concealed one of 
her fecrets, till the time when the fcience fuce 
ceeded, almoft all at once, in explaining this moft 
myfterious phenomenon, in refolving this in- 
tricate and difficult problem, and reducing to 
fimple laws this obfcure and till then unintelli- 
gible mechanifm. 

8. Since that time a multitude of truths, which 
had before been myfterious, refpeéting the pro- 
perties of alcohol, its lightnefs, its inflamma- 
bility, its brilliant flame without fmoke, its 
converfion into ether, in a word, refpecting 
whatever had till then been the moft difficult 
and the leaft underftood in chemiftry, became - 
fimple faéts, phenomena eafy to be explained, 
the precife refults of an acquired firft truth. The 
difcovery of Lavoifier fuddenly appeared as a 
pharos, which has illuminated a vaft tract en- 
veloped before in darknefs, and has rendered 
this branch of the fciences, though imperfeët 
and weak before his time, much more vigo- 
rous and much more rapid in its progrefs than 
could have been hoped, All the details which 
this article will comprehend, will demonftrate 
the certainty of this propofition. 


SECTION 
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Section Il. 
Conditions of the Vinous Fermentation. 


9. THE conditions of the vinous fermenta+ 
tion are the circumftances neceflary to its forma- 
tion, and without which it could not take place ; 
when once known, nothing more is ‘requifité 
than to effectuate their produétion and combina- 
tion, in order to excite this movement; or on 
: the other hand, to deftroy them, or prevent 
their taking place, in order to ftop the fermen- 
tation, to prefent an obftacle to its development. 
It will foon appear that one or the other of 
thefe circumftances is aétually employed in order 

to modify, fupprefs, accelerate or retard, pro- 
mote or impede the vinous fermentation, and 
thus to give rife to more or lefs pd ae dif- | 
ferences in the wines. - 

10. The firft indifpenfable condition is the 
prefence of faccharine matter. All the obfer- 
vations combine to prove that this vegetable : 
matter alone is capable of undergoing the vinous 
fermentation, that without it we fhould never 
obtain wine, and that all the vegetable liquids 
which contain it undergo this fermentation more 
or lefs eafily and pewerralty. Accordingly all 
the juices of faccharine fruits, arid ‘efpecially 
the- ‘aeke of the fugar cane, that of the grape, 
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of figs, of cherries, of plums, of apricots, of 
apples and of pears, paf, when all the other 
circumftances of which I am about to fpeak . 
are combined, into the vinous fermentation, ’ 
however different in other refpeéts they may 
be; accordingly alfo the not-faccharine vege- 
table matters become fufceptible of Ninn | 
wine only when, by the previous Ce 
fermentation, there has been produced in them 
a more or lefs confiderable quantity of faccha- 
rine fubftance, as in barley, maize, &c. For 
this reafon I have placed the faccharine in the 
firft rank amongft the fermentations. 

11. Sugar, however, whilft infulated and pure, 
never undergoes the inteftine movement which 
is to convert it into wine. Every one knows 
that whilft folid and cryftallized it is abfolutely 
unalterable, and remains in this ftate without 
undergoing any kind of change. Pure fyrup is 
in the. oy predicament, and though water is 
one of the indifpenfable and neceffary condi- 
tions of the produétion of the vinous fermenta- 
tion, water and fugar, combined with each 
_ other, never prefent the phenomena which ac- 
company this movement, nor afford its product, 
This is a fact at prefent well afcertained by ex- 
act experiments, and which refults particularly 
from thofe of the brothers Boucherie, who have 
made many important and accurate obfervations 
upon this matter in the fugar-refinery of Bercy, 
near Paris. 


12. The 
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12. The proportion of water is one of the ef- 
fential conditions of the vinous fermentation; 
in order to experience it, it is neceffary that the 
faccharine matter fhould be diffolved and fuffi- 
ciently liquid; too much liquid however is detri- 
mental to it, and frequently caufes it to pafs be- 
yond the term of this movement, by making it 
pafs quickly into that which fuceeeds it; too 
much vifcidity is equally unfavourable to it, and 
prevents its taking place: accordingly: when 
the liquid deftined to form the wine is too thick, 
it is proper to add water to it; and when it is 
too fluid, fugar or any faccharine matter which 
gives it a ftronger confiftence is added. | 

13. A fomewhat elevated temperature is alfo 
requifite for the production of this movement. 
The vinous fermentation never eftablifhes itfelf 
below 12 degrees of Reaumur’s thermometer ; it 
begins at this temperature and proceeds rapidly 
at fixteen; it is too rapid above twenty, and 
then requires to be conducted with caution and 
management in order to prevent its going be- 
yond the production of wine. When the climate 
or the feafon are too cold, artificial heat is ap- 
plied; in the oppofite circumftances the fer- 
menting matters muft be placed in the fhade 
and in low fituations. | 

14. I have remarked that fugar and water alone 
can never undergo the vinous fermentation ; in 
fact, it is effentially neceffary that fome foreign 
matters fhould be added to them; and this is 

what 
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what we fee in all the juices of fruits which are 
fubjeéted to it. They all contain, befides the 
fugar and water, mucilage, fecula, colouring 
matters, acids, acidules, and faits. This is the rea- 
fon why even the pharmaceutical fyrups, which _ 
fometimes contain a fmall proportion of fub- 
{tances foreign to the fugar and water, ferment; 
but when they are abundantly charged with 
them, they pafs much more quickly into this 
fermentation, and are more difficult to be kept. 
It appears that any mattcr, capable of dividing 
the faccharine liquid, is fufficient for aéting as a 
ferment; and that it does not require to Be of a 
particular nature, or to have already undergone | 
the vinous fermentation in order to communi- 
cate this movement. It is on this account that, 
befides the well known property of all the fac- 
charine and mixed. vegetable liquors to experi- 
ence the vinous fermentation fpontaneoufly, 
faliva, milk, and even flefh, are frequently found 
to be capable of exciting and accelerating this” 
fermentation in the vegetable liquois. 

15. A large mafs, a labor volume, greatly fa- 
vour the RTE Te and the energy of the vinous 
fermentation; in general, the larger the vats are 
in which wine is prepared, the better quality 
the wine is obferved to acquire; a {mall quan- 
tity of faccharine liquor never experiences, or 
enters only with difficulty into this kind of 
fermentation, whereas it pafles very quickly 
into the acid fermentation: we fhall foon fee 


upon what this difference depends. 
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16, The contaé& of the air has been confidered | 
by almoft all chemifts as one of the indifpen- 
fable conditions of the vinous fermentation ; it 
ferves however only as a refervoir or recipient 
into which the carbonic acid which is difengaged 
raifes itfelf. Itis not by its peculiar chemical 
nature that the air is of utility; it does notenter 
‘as an element into the fermenting liquor: hence 
this fermentation takes place in clofe vefñels, 
provided with tubes which condué the gas that 
is difengaged into a refervoir deftined for this 
purpofe, as has been fhown by Lavoifier. But 
if the matter that ought to ferment be ftrongly 
compreffed, “if, inftead of enjoying the free con- 
tact of the air, or having a tube to ferve asa 
conduétor for the gas, it is inclofed under co- 
vers which entirely prevent the efcape of the 
elaftic fluid, no fermentation, or only an im- 
perfect fermentation takes place, becaufe there i is 
then yo galeous extrication. “5 


SECTION IIL 
Phenomena of the Vinous Fermentation. 


17. AS foon as fermentation eftablifhes it- 
felf in a faccharine vegetable matter, diluted 
with water, mixed with one or more other fub- 
ftances, and placed under all the circumftances 
or conditions neceffary to its exiftence, of which 

we 
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we have juft fpoken, its origin, its ftate and its 
termination. take place in a feries of pheno-. 
mena which not only belong’ peculiarly to 
it and charaëterize it, but alfo become to the 
obferver certain indications of its progrefs and 
its modifications. It is therefore of importance 
that we fhould accurately defcribe thefe pheno- 
mena, fince, befides the eftimable advantages 
which I have juft announced, they may alfo 
guide the philofopher in the inveftigation of the 
caufes of the vinous fermentation. | 

18. This fermentation commences after fome 
hours or fome days, according to the elevation 
of temperature to which the faccharine vegetable 
liquors are expofed, or according to the quan- 
tity of thefe matters: it announces itfelf by a 
movement which agitates the liquor, which 
fucceflively SÉRIE its maffes, which tranf- 
ports in its continuity the folid fubftances, the 
hufks, the ftalks, and the feeds, and moves them 
in the liquid. The fermenting liquors become 
heated to eighteen or twenty degrees; they be- 
come turbid; we fee in them, when the ope- 
ration is carried on in a well-lighted place, or 
in tranfparent veffels, as in experiments upon a 
{mall fcale, ftreaks of an oily appearance, which 
feem to have a tendency to feparate from the 
liquid, and to occupy its fuperior part. We 
fhould be inclined ta fay that the liquors divide 
_themfelves into two diftiné fpecies, which fepa- 
rate from each other. 


19. The 
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19.. The fermenting liquors increafe fenfibly 
in volume, and raife themfelves in the vats ; 
they become covered with a fcum, fometimes 
very voluminous, which carries along with it 
all the extraneous and folid bodies: this is what 
is called the head in the vats in which the 
wine is made. This fcum is produced, as well 
as the rifing of the whole fermenting mafs, by 
the difengagement of the carbonic acid gas, 
which however adheres for fome time to the ftill 
vifcid liquor, which attaches itfelf during 
its difengagement to the folid matters mixed 
with this liquor, and raifes them along with 
it; which, foon becoming free, fills the upper 
part of the vats, and forms that atmofphere per- 
nicious to thofe who tread the vintage with- 
out due precaution, in which Prieftley and 
Chaulnes firft made the interefting experiments 
quoted upon a former occafion, the refult of 
which is, that this gas is of the fame nature as 
that which is obtained from chalk and the al- 
kalis by effervefcence,—which is formed by the 
combuftion of charcoal,—which fills the Grotto 
del Cano,—and which mineralizes the acidulous 
waters, on that account called /pirituous waters: 
in fhort, it is pure carbonic acid, carrying along 
with it water, and even afmall quantity of wine 
in folution. | 


20. The quantity of carbonic acid gas dif- 


engaged in this operation is very confiderable ; . 


its difengagement commences at the moment 
when the vinous fermentation eftablifhes itfelf, 
| and 
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and continues till the wine is entirely formed. 
In order that this liquor may be as ftrong and 
alcoliferous as poffible, this gas muft be fuf- 
fered to be entirely difengaged: when the wine 
is drawn off before its complete difengagement, 
fparkling wine (vin mouffeux) asit iscalled, and 
‘fuch as has not undergone its complete fermen- 
tion, is obtained, It is to a portion of wine 
in the form of vapour which this gas carries off 
in folution, efpecially at the end of its difen- 
gagement, that it owes the property which it 
poifeffes, of being converted into vinegar when 
it is diffolved in water, according to the inte- 
refting obfervation of Citizen Chaptal. From 
this gas alfo proceed the afphixia to which 
Dés are expofed who defcend imprudently, 
and too deep into the vats to tread the grapes, 
We may afcertain the height to which it ele- 
vates itfelf by plunging lighted tapers into the 
upper part of the vats; in defcending into them 
the operator muft keep ike head above his height. 
Tt will be feen hereafter that this abundant 
production of carbonic acid during fermenta- 
tion is one of the circumftances from which 
Lavoifier has derived the moft light in his in- 
veftigation of the mechanifm of this beautiful 
operation, 
21. In proportion as all thefe ben oRte take 
- place, the liquor, more and more fwelled, foam- 
ing, agitated, heated, even hiffing in confe- 
-quence of the difengagement of SANT acid 
con which account it is faid to boil), foon 
changes 
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changes its nature. From being mild and fac: 
_charine before, it now becomes acrid, pungent, 
and hot; from its former vifcid and glutinous 
fiate, it paffes into a very liquid and light 
ftate; it diminifhes in volume, it cools, its 
feum difappears; the extraneous fubftances 
which had ‘sited themfelves to its furface pre- 
cipitate and are depofited at the bottom; the 
liquor clears, and the wine is made. It is then. 
drawn off from the vats, and put into cafks. 
After the wine, the carbonic acid runs off; 
it finks in the vat in proportion as the wine it- 
felf finks and yields its place to it. 

22. The vinous fermentations prefent a mule 
titude of varieties in the force, the rapidity, 
and the duration of the phenomena, which have 
juft been defcribed, according to a great num- 
ber of different circumftances, in which. the 
fermenting fubftances are fituated. The nature 
of the different vegetable juices, their more or 
lefs vifcid, thick and faccharine, or liquid 
and little faecharine ftate; the ripenefs of the 
fruit; the temperature, the place, the form of 
the veffels, the quantity of the liquid; the ad- 
mixture of extraneous bodies in greater or lefs 
abundance, fuch as the ftalks, the hufks, the 
feeds, all produce modifications which are con- 
fidered with great attention in the art of mak- 
ing wine, cyder, beer, the wine of the fugar- 
cane, &c.. A too low degree of temperature 
renders the fermentation languid; a too little 
faccharme liquor, fuch as is abbaned from the 

unripe 
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unripe fruits in rainy feafons, affords a weak 
wine, ferments badly, and frequently turns 
four. This is corrected by evaporating part of 
it, or by adding fome fugar to it, which it 
wants; a too vifcid liquor requires the addi- 
tion of water. “4 


a 


Section IV. 


Of the immediate Produ® of the Vinous 
Fermentation, or of IVine. 


25. IT cannot here be expected that we fhould 
give a detailed hiftory of the art of making 
wines, or fhow in all their details the differences 
of the varied and multiplied fpecies of wines, 
defcribe their good and bad qualities, their de- 
pravations or alterations, the means of cor- 
recting and preferving them. Thefe objects, 
which are all of great importance, are not 
comprehended in the general theory of the - 
fcience: they belong to its applications. I 
muft here treat of what may have a reference 
to them, only in a very curfory manner, and 
under the moft general point,of view. The 
knowledge of thts immediate product of the 
vinous fermentation, and what may throw a 
light upon its analyfis and its compofition, be- 
longs alone to the elements of the fcience. I 

3 fhall 
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fhall therefore fpeak of wine éuly with reference 
to its general differences, its analyfis, and its 
ufes. 


4 


A. Of the principal Wines. 


24. Every one knows ve no produét of 
the arts varies fo much as wine; that every 
province in which the vine 1s cultivated has its 
particular wine, frequently diftinguifhable, and 
well characterized by its tafte and its fmell ; 
that the manner of making it contributes 
much to this, though in odueral we are more in- 
duced to attribute its Hidiiiiaces to the foil 
and the cultivation than to the fabrication it- 
felf; that it would be fuperfluous and even im- 
poffible to defignate, by a particular defcrip- 
tion, the innumerable varieties which this 
liquor prefents, even in the extent of the French 
Republic alone, of all the countries of the | 
earth the moft opulent in wines, and thofe of 
the beft kind. We can therefore here treat only 
of fome generalities, and of thofe which are 
the moft important refpecting the differences of 
wines from each other; and thofe efpecially 
which proceed from the different vegetables 
with which they are prepared, will more par- 
ticularly engage our attention on account of 
their importance. } | 

25. The .beft and moft admired wines 
are thofe prepared from the juice of the 
_ grape. The property which this juice poffeffes 
of 
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of forming the beft wines that are known, does | 
not depend upon its containing the moft of 
faccharine matter ; for in this point of view the 
fugar-cane ought to afford it, but upon its 
principles being united together in fuch a man- 
ner, that there refults from them the moft ho- 
mogeneous, the moft uniform, and the moft 
agreeable combination that can exift, that 
- which is the moft univerfally pleafing to man- 
kind. Wines are diftinguifhed into red and 
white: the firft colour proceeds from the cir- 
cumftance that the wines, having food in the 
vats fora long time, have extracted all the cos 
louring matter of the hufks of the grape; the 
fecond kind of wines are frequently prepared 
with coloured grapes, but the liquor is drawn 
_off before it has acquired the tinge. Be- 
fides the general circumftances of the vinous 
fermentation already mentioned, it is to be ob- | 
ferved, that each kind of grape has its own 
peculiar manner of fermenting; that its juice 
is feparated when we wifh to prepare fine 
wine; that it is left to, work in the vats for a 
_longer or ihorter fpace of time before it is put 
into cafks; that it {till continues to ferment in 
thefe veffels, and to,afflume the quality of per- 
fect wine; that it is fubjeét to a great number 
of modifications; that it depofits tartar; that 
its colouring matter feparates by. degrees, and 
adheres to the fides of the veffels, or combines 
with the fugar; that it keeps more or lefs -ac- 
cording to its ftrength and confiftence; that 

fometimes 
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_ fometimes, when it is very generous, it may 
be kept for many years; that its quality im- 
proves by this keeping, as far as a certain term, 
and that afterwards it deteriorates and lofes 
continually, till its total decompofition. 

26. It will be of utility to give a general 
notion of the fpecific differences of wines. France 
produces a great number that are excellent. 
Thofe called Burgundy wines are the beft for 
general ufe; their principles are perfectly com- 
bined, and none of them predominates; they 
improve greatly in quality during fix or eight: 
years, after which they deteriorate, but very 
flowly, and in general they keep. very well. 
_ The Orleans wines, as they are called, have qua: — 
_lities very fimilar to thofe of the Burgundy 
wines, when time has diffipated their tartnefs, 
and intimately combined their principles. 
The red wines of (ci-devant) Champagne 
are very delicate; the white wine, which does 
not fparkle, is greatly preferable to that 
which does, which is not fufficiently ma- 
ture, has not fufficiently fermented, con- 
tains little or no alcohol, and becomes flat 
when it has loft its carbonic acid. The 
wines of (ci-devant) Languedoc and Guyenne, 
_ are of a deep colour, and very tonic, efpecially 

. when they are old. Thofe of (ci-devant) An- 
jou are very fpirituous, and foon intoxicate. 
The German wines, thofe of the Rhine and the 
Mofelle, are white, and very full of alcohol ; they 
keep for a long time ; fome Italian wines, thofe 
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of Orviette, of Vicenza, the lachryma Chrifit, 
are well fermented, and confiderably refemble 
the good wines of France. Thofe of Spain and 
Greece are: in general dry, fweet, little fer- 
mented, and unwholefome, excepting thofe of 
Rota and Alicant, which are reckoned very 
ufeful cordials. The wines of the Cape of, 
Good Hope are perhaps the firft and beft of all 
wines. | 
27. Sour and harfh apples and pears con- 
tain a juice which ferments pretty well, and 
which affords cider and perry. When cider 
is left to ftand upon the lees it acquires {trength; 
when it is drawn off clear, the fineft cider is 
formed ; by adding to it frefh apple-juice fweet 
cider is made, which continues to ferment, 
and contains much carbonic acid. . This li- 
quor refembles wine in fome of its properties ; 
it differs from it, however, by its containing 
lefs tartar and much faccharine mucous fub- 
ftance, which is eafily extraéted from it by eva- 
poration. It is on that account that when 
cider is diftilled, without due precaution, an 
empyreumatic fpirit of bad quality is ob- 
tained.. But a cautious diftillation, in which 
care is taken not to burn the refiduum, furnifhes 
avery good brandy, according to the expe- 
riments of Citizen Darcet. It is known that the 
{weet apples afford only flat cider, which is 
very fubjeét to alteration. . 
28. Cherries alfo furnifh, by gointanadiold a 
fpecies of wine from which the kind of aqua- 
| vitæ 
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vite known by the name of Kirchenwaffer is 
extraéted by difüllation. Apricots, peaches, 
plums, alfo form wines which are not deficient 
in quality when they are well prepared. The 
juice of figs, diluted with water, likewife af- 
fords a very ftrong and very generous wine, 
which however is not made, becaufe in the 
countries where figs abound they have very 
good vines. The juice of feveral fpecies of the 
palm likewife ferments and affords a very intoxi- 
‘cating vinous liquor which is ufed in the Eaft. 
The juice of the fugar-cane, whilft ftill impure 
and diluted with water, undergoes a great fer- 
mentation, and affords a wine too ftrong and 
too acrid to be drank in this ftate, but it fur- 
nifhes a very ftrong fpirit, which in our 
colonies is called rum, taffia, or guildive. Thus 
we fee that the number of faccharine vegetable 
fubftances capable of forming wine is very 
confiderable; and every country may produce 
different wines, according to the kinds of plants 
which its foil bears and nourithes. 

29. The feeds of the graminaceous plants, 
germinated and fteeped in water after their fer- 
mentation, afford vinous liquors more or lefs ea- 
fily and abundantly. Barley is principally em- 
ployed for this purpofe, though we may alfo 
ufe wheat, maize, and rye. Even rice affords 
in the Eaft that kind of alcoholic liquor which 
is known by the name of arrack. The art of 
brewing confifts in the following procefies: The 
barley is fteeped for thirty or forty hours in 
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water in order to foften it; this barley’ is laid 
ina heap, and fuffered to baci tathitnree ; it is after- 
wards dried in the fouraille, or a fquare furnace 
terminated by a ¢rente, upon which the ger- 
minated barley ts fpread out ; it is fifted im or- 
der to- feparate the germs that have fprouted 
out of the grains, ve which are called éou- 
raillons ; it is ground into a farina called maté; 
this farina is DHitbett in the mefhing tun with 
hot water, which diffolves the ficohasitte mu- 
cilage: this folution is called the firft wort; 
it is poured again upon the malt after it has 
been heated, sata then it forms the fecond 
_ wort; it is boiled for fome time, and put to 
ferment with hops and. yeaft in a vetfel called 
the fermenting back. When the fermentation has 
fubfided, it is agitated, or the beer is then 
drawn off into caiks: the fecondary fermenta- 
tion, or that which fucceeds the firft, raifes 
from it a feum called yeaft (levure), which 
ferves to excite the fermentation of the decoc- 
tion of barley. in the cuve guzlloire. 


B, -Of the Analyfs of Wine. 


50. Tos EVER different the-various fpecies of 
wine which I have mentioned may be, they ne- 
verthelefs all refemble each other in their general - 
properties, and in the manner in-which they com: 
port themfélves in the analyfis to which they are 
fabjetted. They are always liquors more or-lefs 

coloured, 


~ 


ay 
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coloured, of a pungent and hot tafte, of a more or. 
lefs aromatic odour, which revive and invigorate 
in fmall dofes, ant in larger dofes produce that 
confufion, agitation, and uncertainty 1 in the ideas 
and motions of animals which 1s called drun- 
kennefs. + They all contain à common and 
identical nn from which thes firnilar ef- 
feéis proceed. 

31. In faét, all wines equally FA we the 
action of fire, that acrid and inflammable h- 
quor which is called brandy, and which differs 
from them only by its proportion, the facility 
or difficulty of its difengagement, and its par- 
ticular odour which (oies to diftinguifh the 
kind of wine which furnifhes it. They alfo 
differ in the proportion of tartar, which they 
however all contain, or of which at leaft but 
very few of them are entirely deftitute; they dif- 
fer alfo in the quantity and nature of the extrac- 
tive colouring parts; and fome of them are more 
er lefs abundantly charged with mucous mat- 
ter: it is this which efpecially diftinguifhes the 
wine of apples, of pears, of cherries, of barley, 
or the ciders and beers. 

52. Taking true wine, or the wine of the 
erape, as the example, it is a compound of a 
large quantity of water, of a volatile and in- 
flammable matter, very analogous in its nature 
toalcohol, though without being fuch, of tartar 
in different proportions, of an oxigenated ex- 


tractive colouring matter, and of a move or lefs 


confiderable proportion of vegetable acids. This 
compound combines in all proportions withr 
N 2 water, 
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water, though it is frequently lighter, and 
tends to fwim above it. It unites without de- 
compofition with many fubftances, and efpe- 
cially with fome metals which it attacks, and 
with almoft all the metallic oxides, as is proved 
by the pharmaceutical operations by which the 
antimoniated or emetic wine, and the ferrugi- 
1ous or chalybeate wine are prepared. It dif. 
folves many vegetable fubftances, the mucilages, - 
the extracts, the colouring parts; it is in this 
manner that the medicated wines are prepared, 
fuch as the fcillitie, the aftringent, the antif- 
corbutic, the laudanum of Sydenham. 

33. All the acids brighten the colour of wine, 
which is owing in part to the prefence of one of 
—thefe bodies; the alkalis render it darker, and 
give it more or lefs of a violet caft. Alum is fre- 
quently combined with it, in order to render it 
more durable: the prefence of this falt is difco- 
vered by the addition of alkalis, which feparate 
from it alumine of aviolet colour, a kind of lake. 
Frequently alfo its fournefs is foftened with al- 
kalior chaik. This bafe is difcovered in the ftate 
of lime in its extract when burned. The moft 
dangerous combination which is made with wine, 
in order to render it mild, and give it a faccharine 
tafte, 1s that of the oxides of lead. This li- 
_quor produces the painter’s colic, or the colic … 
of Poictou. The prefence of this metal may be 
afcertained by means of water charged with 
fulphurated hidrogen, which I firft propoted 
fifteen years ago, and is much preferable 
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to the alkaline fulphurets, the effet of which 
is uncertain and deceptive, on account of the 
natural acids of the wines which precipitate 
them ; whereas the fulphurated hidrogen is pre- 
_cipitated only by the metallic oxides. We may 
alfo convince ourfelves of the prefence of lead. 
in a ftill more pofitive manner by heating the 
extract of the wine ftrongly in a crucible, which 
produces globules of this metal When we 
have to judge of a lithargyrated wine, as it 18 
called, we ought not to content onrlelvés with 
the precipitate which it forms with fulphurated 
water; but we fhould treat its refiduum by fu- 
fion. The prefence of copper, the green oxide 
of which wine alfo diffolves very eafily and 
abundantly, is demonftrated by means of a bar 
of iron, which feparates from it the metallic 
copper with which this bar is foon covered. 

34. The mott frequent and the moft ufeful 
analyfis which is performed upon wine, confifis 
in treating it by ebullition in a diftillmg appa- 
ratus. It then affords a liquid product known 
by the name of brandy. In the chemical la- 
boratories it is diftilled in an alembic of tinned 
copper, to which a receiver is adapted, and 
care is taken to cool the capital by keeping it 
continually furrounded with cold water. As 
foon asthe wine boils in the alembic, a white, 
flightly opaque, and milky liquid, paffes over in 
uninterrupted dreps very clofe to each other, 
of a pungent and hot tafie, of a ftronge and 
pleafant {mell, and inflammable: this is the 

, brandy, 
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brandy. The operation is continued till this 
product ceafes to be inflammable and pungent, 
and till the period when nothing more than 
acidulous water is condenfed. If the opera- 
tion be continued, water charged with a little © 
acetous acid is obtained. There remains in the 
diftiiling veffel a liquor of a deep red colour, — 
which has no longer the tafte of wine, but 
which, on the contrary, is acid and auftere, tur- 
bid and. entirely filled with cryftals of tartar, 
that feparate from 1t. This fluid is then en- 
 tirely decompofed ; its original properties can 
no more be reftored to it; it has a four tafte. 
By evaporating it ftill more it is reduced to am 
extract of a brownifh red colour, which leaves 
much tartar after its difcoloration. 
35. The diftillation of wine is performed upon 
a large {cale, in order to obtain the brandy, in 
the countries where this liquor, being very 
abundant, is at the fame time very generous or 
very ftrong; efpecially in feveral of the fouthern 
departments of the Republic, particularly in the 
departments belonging to what was formerly 
the province of Lanomdduk. This fine difco- 
very we owe to Avoata de Villeneuve, a chemitt - 
of thofe countries, who lived in the thirteenth ~ 
century. Formerly the wine was there diftilled 
or burned in an alembic of copper, furmounted 
with a long narrow cylindrical neck, terminat- 
edin a waht b semifp! sere in which the vapours 
were condenfed: this kind of capital had a 
beak or a tube of little width, which received 
the 
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the liquor, and conduéteditinto a worm. The 
firft alteration which was made upon this appa- 
ratus was the diminution of the length of the 
neck; afterwards the cucurbits were made 
wider, though it has long been ufual to contraét 
their upper part, aud to terminate it by a neck, 
to which was foldered, at the top, a capital in 


‘the form of an inverted cone, having at its fu- 


perior part a fmall beak, which conducted the va- 
pours through the worm inclofell inatub. Thefe 
machines had a great many defeéts by their con- 
traction, which caufed much vapour to fall 
back, —by the height of the cucurbit, which 


caufed the bottom of the wine to burn, —by 


» 


the conftruétion of the furnaces which heated 
badly and unequally, and by the form of the 
capital, which repels the vapour, and caufes 
that which is elevated to flow back. | 

36. According to the laft method adopted by 
Citizen Chaptal, who has eftablithed with great 
fagacity fome important chemical manufactures 
at Montpelier, we ought to employ boilers of 


greater width than height; their bottom is preft- 


ed inwards, in order that the fire may act equally 
upon all points of the liquor; they are but very ~~ 
little contraéted at the top, and only in order 
to receive a wide capital furrounded with its re- 
frigeratory ; they are provided with a groove, 
or channel, projeéting half a decimetre, and its 
fides inclined at an angle of feveuty-five degrees, 
becaufe this inclination favours the flowing 
down of the condenfed brandy ; the beak of this 

- capital 
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capital is furrounded with a refrigeratory, from 
which the liquid inceffantly runs off and remains 
always cool: a cock fupercedes the neceflity ofa 
worm in this apparatus; and the operation pro- 
duces brandy in abundance: from about onc fifth 
to one fourth of the weight of the wineis obtained. 
All the modern diftilleries are eftablifhed upon 
the fame principles, and they afford a product of 
greater purity than was formerly obtained. 

37. The brandy, in the procefs that has juft 
been defcribed, is not difengaged from the wine. 
till the moment when the fluid boils, and at the 
period when it is profoundly decompofed ; it is 
therefore evident that-it is not intirely formed 
or contained in it, as it requires this confider- 
ably elevated temperature, not only in order to 
difengage it, but alfo to complete the combina- 
tion of its principles. In faét, wine treated in 
balneo marie affords only a little fragrant water 
but no alcohol; and it is even in this manner 
that natural and pure wine is diftinguifhed from 
that which is artificially formed by a combina- 
tion of brandy and different ingredients, or 
from that to which this liquor has been added 
in order to increafe its ftrength. Thefe at the 
heat of the balneum mariæ and without re- 
quiring to be boiled, give out the ready-formed 
brandy which has been added to them. 

58. It is efpecially by the different propor- 
tion of this product, called fpirituous or alco- 
holic, that wines differ moft from one another; 
much more is obtained from the wines of the 
fouthern 
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fouthern department of the (ci-devant) Langue- 
doc, Guyenne and Roufüllon, than from thofe of 
the central department, belonging to what were 
formerly called Burgundy and Champagne. The 
wine of the fugar-cane or of the highly fäccha- 
rine juices afford a great abundance of 11, and 
it is even particularly prepared for difilting 
sum from it. A confiderable quantity is alfo 
obtained from good cider and even from firong 
beer, when difiilled with precaution: thefe 
brandies are pretty good. The green and four 
wines, made in general with unripe grapes, af- 
ford only a weak brandy and in {mall quantity. 
The fparkling wines, charged with carbonic acid, 
the fermentation of which has been ftopped be- 
fore its completion, afford little or none. For 
the reft} many experiments are ftill wanting in 
order to give us a thorough knowledge of the 
different fpecies of wine with refpeét to the 
brandy which they are able to yield, and many 
attempts yet to be made in order to extraét it 
from fermentefcible vegetables that have-either 
not been triedatailoronlyinan imperfeét manner. 

39. - Frequently only the lees, formed of tartar 
and extractive matter, depofited and impregnat- 
ed with vinous liquor, are diftilled in order to 
extract the brandy from them. Frequently alfo 
only the wines that are already changed, that 
have begun to fpoil, to turn four, and are no 
longer fit to be drank, are diftilled. The lees 
are alfo ufed for obtaining pot-afh: after having 
extracted the brandy from them by diftillation, 


they 


i 
186 ‘VINOUS FERMENTATION: 


they are burned tn the open air or in furnaces ; 
the tartarous acid is decompofed ; the combutftion | 
-or the incineration is carried fo far as to burn all 
‘the coal, and to reduce the afhes to the ftate of 
cauftic pot-afh and of carbonate of pot-afh. This 
fort of alkah is known in the arts by the name 
of pearl-afh (cendres graveleés). When ana- 
lyzed with attention, we find in it, befides the 
ccauftic pot-afh and the carbonate of pot-ath, a 
“fmall quantity of fulphate ofpot-afh, of fulphate 
of lime, of oxide of iron and of manganefe. 
Thefe four fubftances are all contained in the 
-wines, but they vary greatly in them with ré- 
fpect to their quantity. There are fome pearl- 
-afh which contain no metallic oxides, whilft 
others contain only the two Are which I 
“have mentioned. 

40. Brandy, which is fcarcely any thing elfe 
than water charged with alcohol, foon ceafes to 
vbe this fimple combination, on account of the 
procefies which are employed for preferving it. 
: As foon as it is obtained it is put into cafks of 
-tvefh oak-wood ; the liquid acts very fpeedily 
«upon the wood, and diffolves an extra¢tive, co- 
-louring and refinous matter, which gives it an 
camber colour, a flight tafte, and an aromatic 
odour, as well as a kind of confiftence fome- 
what unétuous or faponaceous, and the pro- 
-perty of forming a durable froth at its fur- 
etace by agitation: this 1s what 1s-:called in 
commerce giving a bead. This colouring mat- 
ter of the brandy grows deeper by age, and it is 
| by 
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by its intenfity as well as by that of the unétuous 
_ quality that the age of the brandy is judged 
of. As old brandy is in great eftimation, it 
has been found very eafy to communicate 
{peedily to it the qualities which then character- 
ize it, by throwing into this liquor, recently 
prepared, chips of oak-wood, from which it 
quickly takes up this colouring matter and \this 
unétuous extractive. It is likewife from this 
extraneous matter that the portion of fawn- 
coloured or reddifh -extraét proceeds, which 
Dubuiffon has obtained from the refiduum of 
brandy diftilled in large quantities. | 


C. Ufes. 


41. Tue ufes of winesare fo univerfally dif- 
fufed, that it feems almoft fuperfluous to treat of 
them here in particular: accordingly I fhall fay 
but little concerning them under the relation of 
beverage. It is fufficiently known that thefeli- 
quors, which to the greater part of mankind have 
become an article of the firft neceffity, fupport 
the ftrength, increafe the tone of the fibres, and 
the mobility and contraétile force of the mufcles ; 
but that their abufe, to which men are fo-much 
inclined, produces great evils, and at length 
debilitates and even totally deftroys the powers 
of digeftion ; that it gives rife to lymphatic ac- 
cumulations, to obftruétions and to dropfy.. 
This remarkable effect of drunkennefs is par- 
ticularly known, the caufe of which has as yet 
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been fo little explained, and which the liquors 
produce, fometimes with extraordinary cele- 
rity. It is particularly to be obferved that 
this drunkennefs with wine is not the fame as 
that occafioned by opium, by the folium temu- 
lentum, by the poifonous plants in general, the 
datura firamonium, the atropa mandragora, 
henbane, conium maculatitalum, folanum, &c. 

42. Wine is an excellent medicine for perfons 
who do not habitually make ufe of it; it isa 
tonic, a ftomachic, a corroborant, a very pow- 
erful cordial. It is frequently employed as a 
vehicle or a recipient, for the preparation of a 
great number of pharmaceutical compounds. 
The abfurd practice of making medicinal vege- 
tables ferment with the juice of the grape, with 
the intention of communicating to it the pro- 
perties of thofe plants by the fermentation itfelf, 
has long been laid afide; it is now employed 
merely as a folvent, and thofe fpecies of wines 
are chofen that are beft adapted to the nature 
of the qualities of the compounds which are 
wifhed to be prepared with it. Wine is efpecially 
and exclufively appropriated to the extraétion 
of brandy, and this to the diftillation of alcohol, 
the properties of which I am about to examine. 


SECTION 
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SECTION V. 


Of the remote Produ& of the Vinous Permontas 
tion, or of, Aleghes | 


A. Of the means of preparing it or - extrading at from 
Brandy. | 


43. I CALL alcohol the remote produét of the 
vinous fermentation, becaufe it has been feen 
that it is not contained ready formed in wine, 
that it is obtained from it only by decompofing 
it by the heat of ebullition, and that it is 
really its remote produét, or the refult of a laft 
analyfis. This liquor is one of the fubftances 
moft ufeful to fociety and to chemiftry. Pre- 
vious to the eftablifhment of the pneumatic 
doétrine, chemifts had but a very imperfect 
knowledge, and erroneous ideas concerning it. 
Since Lavoifier we have had a much more 
exact knowledge of it. 

44, Brandy,. which, as we have feen, is ob- 
tained by diftilling wine by naked fire, is a com- 
pound of alcohol, of water and of a {mall portion 
of oily and extractive matter, when it has re- 
_ mained for fome time in cafks. In order to fe- 
parate thefe fubftances and obtain the pure al- 
cohol, the action of fire and the procefs of diftil- 
lation are employed. There are feveral procefles _ 

for 
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for obtaining the-alcohol. Some chemifts ade 
vife to diftil “the brandy in balnee mariæ a fuf~ 
ficient number of times toextraét from it all that 
it contains of this matter. They recommend 
to feparate the firft quarter of the produé of the 
firft.diftillation, and likewife to fet apart the - 
firit half of the product of the fubfequent diftil- 
lations, to.mix together all thefe firft products, | 
and to reétify them by a gentle heat. The firft 
half of the liquor which paffes in this reétification 
is the moft pure and moft penetrating alcohol; 
the reft is alcohol of lefs aétivity, but full ey : 
good for ordinary ufes. 

45. Rouelle directed to extraét, by diftillation 
in. balneo marie, the half of the brandy em- 
ployed. This firft product 1s common alcohol; 
by rectifying it twice in fucceflion, and colleét- 
ing only about two thirds of this firft product, 


we’ obtain ftronger alcohol, which is diftilled 
again with water, according to. the procefs of 


Kunckel: the water feparates the alcohol from 
the oil which altered it; this alcohol thus diftilled 
with the water is rectified, and we.are then fure 
of having it perfeétly pure.and as highly reétified 
as poffible. The refiduum of the diftilled brandy 
is only water charged with extraétive matter and 
_ a colouring refin, covered alfo witha concrefei- 
ble kind of oil of which I have already fpoken. 
46. Itis eafily conceived that. this fluid, ac- 
cording to the different proceffes which are em- 
ployedin preparing it, may have different degrees 
of purity. Means have long been RUE for 
ates pate ng | 
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determining its purity. It was at firft believed 
that the alcohol which eafily takes fireand leaves 
no refiduum was: very pure ; but it is now known. 
that the heat excited by its combuftion is fuffi- 
ciently trong to diffipate all the water which it 
may contain. The teft of gun-powder has long 
been employed. When the alcohol lighted in a 
{poon upon gun-powder did not inflacne it, it was 
confidered to be bad; if on the contrary it fet 
fire to it, it was fuppofed to be very good. This _ 
teft however is faulty and deceptive; for when 
much of the beft alcohol is put upon little gun- 
powder, the water which it furnifhes mits com- 
buftion moiftens the powder and it does not in- 
flame; whereas it may be inflamed by burning 
upon its furface a very fmall quantity of alcohot 
charged with water. This mean was therefore 
not more certain than the firft. as 

47. Boerhaave has given a very good procefs 
for afcertaining the purity of this ‘fluid by the 
aid of fixed alkali: His methed, if we adapt it 
to the prefent ftate of the fcience, confifts in 
throwing into the alcohol dry pot-ath inpowder. 
This falt unites with the fuperabundant water of 
the alcohol, and it forms, whilft it diffolves in 
it, a heavier and more: highly coloured fluid. 
than the alcohol, which does not mix with it: 
but fwims at-the top of it. : We fhall fee that, in 
the true procefs of Boerhaave, the pure alcohol 
_ diflolved a part of the pure. anti: exiftinge in 
the: oïdinar: ÿ Ne sci 
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48, Several philofophers, depending upon thé 
circumftance that alcohol is lighter than water in 
a degree proportionate to its purity, have con- 
trived inftruments called areometers, by means 
of which we may determine, with fufficient ex- 
actnefs the degree of purity or lightnefs of 
thefe fluids and of all volatile liquids. | Thefe 
inftruments, immerfed in alcohol, fink in it the 
deeper the more highly this fluid is reétified ; 
they ought to be conftruéted in fuch a manner. 
as to indicate at the fame time the temperature 
of the liquor;-otherwife they give only falfe 
notions of the weight of the alcohol. It is on 
this account that the areometer of Baumé is de- 
fective and not to be depended upon; that of 
Bories is more advantageous, fince it indicates 
the temperature; accordingly it is that which 
is at prefent preferred by the dealers in brandy 
and fpirituous liquors. 


B. Of the Phyfical Properties of Alcohol. 


49. ALCOHOL well prepared and well rectified is 

a tranfparent and very movable liquid, of a lively, 
penetrating and agreeable finell, of a hot, pun- 
gent, ftrmulating and acrid tafte, which feems 
even to burn the palate and the throat. It pof- 
fefies the power of intoxicating in a much more 
energetic degree than wine. The caufe of this 
very remarkable property is not known. ~ | 
50. Itis not enough to know that alcohol is 
lighter than water, it is neceffary that we fhould 
determine 


VINOUS FERMENTATION, 195 


détermine with accuracy the relation of this 
weight. In the moft highly reétified alcohol, 
it is to that of water as 8,293 to 10,000. In 
that of commerce, it is as 8,371 to 10,000. In 
the work of Citizen Briffon on fpecific gravities 
fifteen different weights are expreffed according 
to the proportions of alcohol and of water from 
1 to 15; they are prefented in the following _ 
order, pure or diftilled water being fuppofed 

10,000. 


Alcohol. | Water. | Sp. Gravity. 


Parts. | Parts. 
13 1 8,597 
14 Q 8,074 
13 3 8,815 
12 4 8,974 
11 5 9,075 
10 | 6 9,199 
9 a 9,517 
8 8 9,427 
7 9 9,519 
§ re. 9,674 
4 12 | 9,733 
2 14 9,852 
1 15 9,919 


VoL. VIII. O 51. Alcohcl 
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51. Alcohol is one of the moft volatile fub- 
{tances which chemiftry poffeffes, and this pro- 
perty accords with its fingular lightnefs. It 
quickly evaporates in the air, which indeed 
unites its folvent property with the expan- 
fibility of this liquid. When we heat it even 
flightly in clofe veffels, it is elevated, and paffes 
without alteration into the receiver: it is by 
this means that it is rectified and feparated from 
the finall quantity of water which it might con- 
tain. Accordingly the firft portions of this 
diftilled liquid are the moft pleafant, the moft 
aromatic and the pureft. It was formerly be- 
lieved that, in the diftillation of alcohol, there 
was always difengaged a large quantity of air: 
it is now ‘known that this is the moft volatile 
part which feparates from the water and paffes 
into the ftate of gas. It boils at 64 degrees, 
and is in violent ebullition at 68 of Reaumur. 
When kept in a clofe veffel immerfed in wa- 
ter at 72 degrees of temperature, it affumes . 
the gafeous form and retains it as long as the 
‘temperature remains at that elevation. 

52. It is a much-better conductor of caloric 
than water, it is much more dilatable than the 
latter ; on which account it is employed in the 
conftruétion of thermometers: it is alfo a very 
good conductor of electricity. 


C. Of 
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C, Of the ner eal Properties of Alcohol as Solvent, 
and not decompofed. 


53. In the expofition of the numerous che 
mical properties of alcohol, I havé found it 
ufeful to diftinguith thofe which it prefents in 
the integrity of its compofition, or the combi- 
nations into which it enters intire ; frequently 
asa folvent, fometimes as diffolved, from, thofe, 
or from the circumftances in which it is more 
or lefs altered and decompofed. Perhaps even 
this method might be adopted in the hiftory of 
all the comipound bodies. To the firft properties 
belong the combinations of this inflammable h- 
quid with the air, with fulphur, phofphorus, wa- 
ter, fome acids, the alkalis, a confiderable number 
of falts, and feveral metallic fubftances. I fhall 
here treat of each of them in feparate numbers: 

54. Alcohol expofed to the air evaporates and 
diffolves in it at a temperature of 10 degrees, 
+ 0; it leaves no refiduum when it is highly 
rectified, and only fome portions of water when 
it is lefs fo ; the more the temperature of the air 
is elevated, the more abundantly or fpeedily it 
diffolves in it; in proportion as this folution is 
effected, cold is produced upon the fides ofthe 
veffels from which the alcohol éfcapés. This 
may be very fenfibly perceived by dipping the 
fingers in this liquid, and afterwards agitating 
them in the air; it isnot known whether it has 

| O2 more 
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more attraction for the oxigen than for the 
azotic Base 

“55. ‘Alcohol has no aélion upon folid or pul- 
verized fulphur, neither at the common tempé- 
rature, norat that which caufes it to boil. But 
~ when thefe two fubftances meet together in va- 
pour, they unite well with each other, and there 
refults from them a fetid fulphurated alcohol, 
which depofits a little fulphur, and becomes 
turbid in cooling, which is precipitated by wa-: 
ter, and in which about a fixtieth part of fulphur 
is found; it diffolves better the fulphurated 
hidrogen gas which colours it a little, and which 
is decompofed in this combination by the 
_ contact of oxigen gas, and all the oxigenated 
bodies, {till more quickly than when alone and 
in the ftate of gas. Alcohol takes away the 
fulphurated NESS from waters which con-. 
tain it, by the. ae of diftillation. | 
56. Alcohol alfo diffolves a fmall quantity of 
phofpherus by heat. This fetid folution is pre- 
cipitated by the contaét of water; it is very 
luminous when it is agitated in the dark. At 
the moment. when it is poured into water in the 
night, brilliant luminous tufts exhale from its 
furface, and there is precipitated from it an 
oxide of phofphorus in a white powder. Alco- 
hol appears to be alfo fufceptible of diffolying 
the phofphorated hidrogen gas. | 
_57. Alcohol unites Sia water in all pro- 
portions, and is perfeétly. foluble in it. This 
folution takes place with an extrication of heat, 
and 
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and it forms kinds of faétitious brandies, which 
are ftronger in proportion as they contain al- 
cohol in larger quantity. The affinity between 
thefe-two fluids is fo great, that water is capable 
of feparating alcohol from feveral fubftances 
that are united with it, and that alcohol recipro+ 
cally decompofes moft of the faline folutions, and 
precipitates the falts from them. It was on ac- 
count of this property that Boulduc propofed 
to employ alcohol for precipitating the falts 
contained in mineral waters, and for obtaining 
them without alteration. It is employed in a 
multitude of circumftances. As the combina- 
tion of alcohol and water takes place with a 
difengagement of caloric, this. combination is 
more denfe than the proportion of the two li- 
quids indicates by the calculation of their fpe- 
cific gravity. The alcohol is eafily feparated 
from water by diftillation; it pañles firft into 
vapour, and this is even, as I have already ob- 
ferved, a good means for feparating it from 
the oil which is combined with it in its ftate of 
brandy. 

58. Alcohol is capable of diffolving only 
the weak acids, without experiencing altera- 
tion: it is in this manner that by the aid of 
heat, it diffolves the boracie acid, which gives 
it the property. of burning with a green 
flame. It alfo diffolves the carbonic acid gas, 
which it condenfes and liquefies more than in 
the proportion of a volume equal to its own. 
It precipitates, on the contrary, the cons 

centrated 
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centrated phofphoric acid, from water, in a mu- 
cous Oralmoft concrete form, as wellasthofe metal- 
lic acids which are foluble in the aqueous liquid. 
59. No earthy bafes are known that are fo- 
luble in alcohol, but the alkalis combine with 
it very well. Pure or cauftic pot-afh and foda 
unite in a direét manner with alcohol, as is 
proved by the preparation that has long been 
known in pharmacy by the name of acrid tinc- 


- ture of tartar. In order to prepare this medi- 


I 


cine, the pot-afh was fufed in a crucible; it 
was pulverized whilft quite hot, it was put into 
a matrafs; alcohol was poured to the height of 
three or four finger breadths above the alkali; 


‘the: matrafs was clofed with another fmaller 


one; they were luted together, and the whole 
digefted in the fand-bath till the alcohol had 


aequired a reddifh colour. There remained 


more or lefs alkali at the bottom of the veflel. 
‘All that was carbonate of pot- -afh did not dif- 
folve in it. 

-'The too famous /iliwm of Paracelfus differed 
fom the acrid tincture of tartar only by the 
circumftance that the fixed alkali, which was 
employed for preparing it, was reduced to the 
ftate of caufticity by the ftrong heat to which 
it was fubjeéted.. Equal parts “0 the three al- 
loys, then called regulus of antimony, the mar- 
tial, the jovial, and that of Venus, were mixed : 
together; they were reduced to powder, they 
were made to detonate with one and a half 
times their weight of nitre, and as much tartar ; 

they | 
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they were fufed, this mixture was pulverized, it 
was put into a matrafs, aud well purified alcohol 
was poured upon it till it rofe three or four finger 
-breadths above it. This mixture, put to digeft 
upon a fand-bath, affumed a fine red colour, 
deeper than that of the acrid tinélure of tartar; 
and it prefented the fame phenomena. This 
latter might be. prepared, intirely fimilar to the _ 
lilium of Paracelfus, by digefting the alcohol 
upon cauttic fixed alkali, inftead of employing © 
fixed falt of tartar, bei the action of the fire 
did not intirely deprive of carbonic acid, un- 
lefs it was kept red hot for a long time. 
Citizen Berthollet has afeertained that thetfe 
tinctures are only folutions of cauftic pot-afh in 
alcohol, and that they afford an ufeful means of 
obtaining this alkali very pure, by Ph ae 
by evaporation. : | 
Alcohol has the fame aétion upon foda. By 
this {olution we not only obtain véry cauftic 
fixed alkalis, in a very pure ftate, (féparated from 
the filex, the alumine, and the neutral falts 
which are fo frequently united with it after 
treatment by lime) by rapidly evaporating their 
alcoholic folution in a filver sical but alfo 
by expofing to the air aud to flow EN eat ol 
their faturated folution, it yields cryftals of 
pot-afh and of foda in fine white plates, or in. 
regular prifms grouped together. This is the 
srécék employed for obtaining thefe bafes, and 
the only one which gives dé: in the cryftalline 
ftate, | 
| Ammonia 
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 Ammonia combines with alcohol with an 
extrication of heat; it is feparated from it by 
the action of fire, as the ammonia forms a 
permanent gas; but it retains in gafeous folu- 
tion a fmall quantity of alcohol, which mo- 
difies its {mell and its properties. 

60. Alcohol diffolves feveral faline blanc 
Macquer firft afcertained that the fulphates do 
not diffolve in it without difficulty; that the 
nitrates and the muriates unite with it much 
better, and that in general alcohol diffolves the 
faline fubftances the better in proportion as their 
acid has lefs adhefion with them. 

Alcohol boiled upon the fulphates of pot-afh 
and of foda diffolves no part of them. The 
carbonates of pot-afh and of foda do not unite 
with it; thefe falts, infoluble in alcohol, are 
even precipitated from water by this re-agent. 
Mott of the. ammoniacal falts diffolve in alcohol. 
The deliquefcent earthy falts efpecially, fuch 
as the calcareous and magnefian nitrates and 
muriates diffolve in it abundantly. Bergman 
has even advifed toemploy it in order to feparate 
the deliquefcent falt from the others by a firft 
alcoholic lixiviation applied to the refidues of 
mineral water: this procefs may be employed to 
make fome falts cryftallize that are difficult to 
be obtained in their regular form. 

A great number of ent falts are alfo very 
foluble in alcohol; fuch are efpecially the red 
fuper-oxigenated fulphate of iron, or that in 
the ftate of mother water, the nitrate of cop- 


per; 


a” 
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per, the muriates of iron and of copper, the 
fuper-oxigenated muriate of mercury or corro: 
five fublimate ; all the cupreous falts give a 
very fine green colour to its flame. Since Mac- 
quer, Citizen Guyton has given, in the Journal 
de Phyfique, a more complete table of the de- 


. grees of folubility of the falts by alcohol. 


.61. Alcohol has no aétion upon the metallie 
matters, nor upon their oxides at leaft without 
being decompofed: we fhall find hereafter that 
it is frequently decompofed by the folutions 
of the metals in the acids; but this kind of 
action does not belong to the part of its hiftory 
which we are now confidering, and it will be 
retraced in that in which we fhall have to treat 
of its decompofition. 

62. There are few vegetable matters upon 
which alcohol cannot exert a more or lefs 
marked aétion ; but it is more confiderable, ac- 
cording to the different nature of the imme- 
diate materials of the plants. 

Mareraff extraéted, by means of alcohol, de 
Éd détes of the beet-root, of fkirret, 
of parfnips, &c. Since that time it has been 
extracted by the fame procefs from the ftalks of 
maize, and from a great number of fruits. 

The extraétive matter diffolves in it very well 
in general, and the better the more it is oxi- 
genated. It conftantly gives the alcohol a 
fawn or reddifh colour. 

The vegetable fubftances which unite the beft 
with alcohol, are the volatile oils, camphor, 


the 
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the refins, the balfams, and feveral colouring 
matters. 

63. The improper name of diftilled fpirituous 
water 1s piven to alcohol, charged by diftiila- 
tion with a fmall quantity of volatile oil from 
the odorous vegetables: it has been thought 
that it united by this operation with a paricular 
principle of odour, which was called Spiritus 
rector, or aroma. I fhall prove that it is a 
final! quantity of oil which it carries along 
with it. 

In order to obtain thofe fluids, called odorous 
fpirits, or diftilled fpirituous waters, the alco- 
hol is diftilled in balneo marie with odorous 
plants, or with their parts, chopped or pounded. 
This liquid carries off a portion of their vo- 
latile oil, and rifes with it; accordingly it 
has the property of being precipitated and 
becoming white with diftilled water; a portion 
of this oil, which renders it acrid, and at the 
fame time very fragrant, is feparated by reéti- 
fying it on the water-bath, with a very gen- 
tle heat, and taking care to draw off only 
three-fourths of the alcohol that has been em- 
ployed, in order that we may be fure to vola- 
tilize with, it only the fmall quantity of oil 
which is fufficient for giving it the odour. The 
fmall quantity high’ it then contains is fo- 
luble in the water that is added to it, fo that no 
precipitation is now effeéted by the addition of 
thisliquid. Thefe fragant alcohols acquire a more 

a8 | agreeable 
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agreeable {cent in proportion as they grow older, 
and it appears that the oily and odorous prin- 
ciples combine more and more intimately with 
the alcohol. The volatile oil has fo much at- 
traction for alcohol, that the latter is capable 
of taking it away from water. In fact, when 
alcohol is diftilled upon water charged with the 
odour of a plant, the alcohol takes from it its 
fragrance, and leaves it entirely inodorous. A 
proof of this fimple theory is, that perfumed 
fpirituous waters are made. by diflolving fome 
drops of volatile oil in alcohol, and this is the 
operation practifed both by the perfumers, and 
in the laboratories where compound liquors’ are 
prepared. 

64, We may charge aldihol with a much 
greater quantity of volatile oil by diftillation ; 


it then, befides the odour, acquires an acrid and | 


burning tafte; water poured into it precipitates 
the oil from it abundantly in white and opaque 
globules ; but there remains, after this precipt- 
tation, the portion which the water can diffolve, 
fo that the liquor always retains a {trong odour: 
In general, the fmall quantity of: volatile oil, 
which is fufficient for rendering alcohol odorous, 
adheres to it with great force, and ‘it cannot 
be deprived of it by any known proces. 

65. Alcohol. eafily diffolves: camphor: in 
the cold; but it diffolves a larger quantity 
when affifted by heat. This folution, when 
well charged, as with a quarter of its weight 

| of 
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of camphor, mixed with water that is added to it 
by degrees and drop by drop, affords a cryftalline 
vegetation, obferved by Romieu; it is a perpen- 
dicular filament upon which are implanted 
needles that elevate themfelves againft the fila- 
ment, at an angle of 60 degrees. -This experi- 
ment fucceeds but very rarely, and requires 
great nicety with refpect to the quantity of water, 
the refrigeration that is neceffary, &c. Cam- 
phorated alcohol, united with a large quantity 
of water, depofits the camphor in white concrete 
flakes, very pure and without alteration. 

66. All the refins are foluble by alcohol, but 
much lefs eafily and abundantly than the volatile 
oils. Thefe refinous folutions are thick, more 
or lefs tinged with a yellow, red or brown 
colour. Water decompofes them immediately, 
and precipitates the refins from them in fine 
white, opaque or flightly coloured globules. 

_ The balfams diffolve in alcohol like the refins ; 
when they are precipitated from it by water, 
their benzoic acid remains in folution, and only 
- their refinous part is depofited. 

The gum-refins are only partially foluble in 
alcohol; and chemifts have analyzed them by 
applying to them fucceflively this liquid and 
water. | | 

Several colouring parts, not onlythe refinous as 
has long been imagined, but alfo the oxigenated 
extractives, unite with alcohol, and colour it more 
or lefs ftrongly : we may alfo feparate them from 
it by water, but frequently they remain united, 

at 
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at leaft in part, with the mixture of thefe two 
liguids. | 

67. The names of tinftures, elirirs, balfums, 
 quinteffences, &e. have been given to the com- 
pounds of oily or refinous juices and alcohol, 
when this is fufficiently charged with thefe fub- 
ftances to have a high colour and to be abun- 
dantly precipitated by water. Thefe pharma- 
ceutical preparations are, like the odorous aro- 
matic alcohols, either fimple when they contain 
only one matter in folution, or compound when 
they contain feveral at the fame time. Thefe 
medicines are in general prepared by expofing 
the juice in the ftate of powder, or the dried 
plant, the volatile oil of which is to be diffolved, 
the refin, the balfam, or the colouring extraét, 
to the action of the alcohol, which is aided by 
agitation and by the mild heat of the fun or of 
a fand bath. When. it is wifhed to extraét the 
- refins of feveral plants or any kinds of vegetable 
fubftances at the fame time, care is taken firft 
to digeft the matter that is the leatt fubje& to 
be attacked by the alcohol, and to expofe fuc- 
ceflively to its action the fubftances that are the 
moft foluble in it. When this folvent is as 
much charged as it can be, it is filtrated 
through paper; fometimes a compound tincture 
is Pre immediately, by mixing feveral fimple - 
tinctures together; in this manner the £livir 

Proprietatis is prepared, by combining the tinc- 
tures of myrrh, of faffron and of i We may 
feparate the refins and the balfams from the al- 


cohol 
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cohol by pouring water-into the tinétures or by 
diftilling them; but in thefe two cafes the al- 
cohol retains a portion of volatile oil which has 
been called the aromatic principle of thefe fub- 
ftances. Water is not capable of decompofi ing 
the tinétures formed with what were called the 
extraéto-refinous or the refino-extractives ; that 
1s to fay, the highly oxigenated extractives, as 
we find in rhubarb, faffron, opium, gum-ammo- 
nia, &c. as thefe matters are equally foluble in 
ee two liquids. | 


f 


D. Of the Chemical Properties which Alcohol prefents 
whilft it becomes decompofed. 


68. IN a great number of chemical operations 
which are performed with alcohol, it comports 
itfelf in a very different manner from what has 
juft been faid ; it does not enter intire into the 
combinations: on the contrary, 1t is decom- 
pofed or modified more or lefs completely, fo far 
as to be reduced into its conftituent elements 
feparated from each other: it is of this then T. 
am now about to treat. I refer the chemical 
properties. which produce different degrees of de- 
compofition i in alcohol, to its treatment by a high 
temperature, its inflammation, its alteration. by 
the acids, by the oxides or by the metallic folu- | 
tions: the examination of the phenomena which 
it prefents in each of thefe circumftances, con- 
- ftitutes one of the moft important parts of modern 


chenufiry. | | 
69. When 
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69. When alcohol is paffed through a red- 
hot tube of porcelain, it 1s decompofed; wa- 
ter is obtained at the extremity, and the veffel 
whitch receives its vapours lias a burned or em- 
pyreumatic odour; there is alfo difengaged a 
certain RER of carbonated hidrogen gas and 
of carbonic acid gas. Some Se énifts aflure us 
that in this operation an etheréal product is ob- 
taned, and in fact we can at leaft perceive a 
fragrant odour analogous to that'of ether: There 
are alfo conftantly « depofited upon the fides of 
the ball, fmall white and brilliant cry fials, which 
refemble benzoic acid, but which have been af- 
certained by Citizen Vauquelin to be a kind of 
concrete volatile oil. The tube of porcelain, 
broken after the operation, prefents a very fine 
black foot upon its fides. This operation, which 
is very remarkable, has not yet been performed 
with fufficient care to enable us to defcribe all 
its circumftances with accuracy and to deter- 
mine its caufe with precifion. All that we fee 
in a pofitive manner is that there is formed water 
and a little carbonic acid, that carbonated , hi- 
drogen gas is feparated, and carbon is depofited. 
By inveftigating with accuracy the nature and 
the proportion of thefe produéts of the incan- 
defcence of alcohol, a refult will be obtained, of 
utility towards determining the nature and re- 
lative quantity of its primitive principles. 

70. Alcohol has long been known to be a very 
inflammable fubftance: when heated in contact 
with the air, and efpecially when brought into con- 


é ; tact 
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tact with a body in the ftate of combuftion, with . 
out being itfelf heated, or if ftruck by a ftrong 
electric fpark, it takes fire and burns with a very 
extenfive flame, which is very light, white 
in the middle, blue at its fides, with a pretty 
ftrong heat and without leaving any refiduum. 
Chemifts have long fince remarked that it 
affords in its combuftion neither foot nor fmoke. 
Boerhaave, by prefenting a cold veffel of por- 
celain to its flame had colleéted pure water, 
without tafte or fmell, and in every refpeét fimi- 
lar to diftilled water; he had even concluded 
from this phenomenon that flame is owing to 

water in the {tate of vapour. 
Lavoifier, by burning alcohol in a lamp placed 
under a receiver filled with atmofpherical air, 
and communicating with another receiver - 
filled with oxigen gas, fo that this fupplied the 
former with the oxigen requifite for the com- 
buftion, obtained from fixteen parts of alcohol 
thus burned, eighteen parts of water and of car- 
bonic acid. Citizen Berthollet has alfo re- 
marked that when alcohol mixed with water 
was burned, the portion of the latter which 
remained after the combuftion precipitated lime- 
water; and as we find here no other refults of 
this combuftion than water and carbonic acid, 
it is thence inferred that alcohol is formed of 
hidrogen, carbon and a certain proportion of 
oxigen. The prefence and the quantity of the 
laft mentioned principle is judged of by the por- 
tion of oxigen which it is neceffary to employ in 
order 
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order to favour the combuftion of the alcohol, 
compared with that of the water obtained. La- 
voifier has concluded from his experiments, that _ 
alcohol is a kind of oxide, in which the hidrogen 
is more abundant than in the fugar from which 
it has proceeded. He has not however been 
‘able exa¢tly to determine its proportions, fince 
in his table of the produéts of the vinous fermen- 
tation, he admits more than the half of the al- 
cohol of water ready formed in this liquid, and 
he does not clearly explain himfelf refpecting 
the reciprocal ftate of the principles which con- 
ftitute it., Though {till far from exact, his analyfis 
by combuftion is however fufficient to prove 
that the ancient notions refpecting the nature of 
alcohol are falfe, and that it is necelfary to revert 
to that which I have already given concerning 
its {tate of oxide. It is not therefore a combi- 
nation of a very attenuated oil, an acid and wa- 
ter,a fort of acid foap, as Stahl and Boerhaave 
had believed, not, according to the opinion of 
Cartheufer and Macquer, a pure or fimple com- 
bination of water and of phlogifion or of hi- 
drogen; for the phlogifion of Stahl has been 
converted into hidrogen by moft of the modern 
chemifts, who continue to adopt its exiftence. 
71. Though I have indicated the pure alkalis 
as fimply foluble in alcohol, this fimple folution 
without alteration takes place only in the cold, 
or at amild temperature; for when this folution 
is ftrongly heated in a retort with a convenient 
apparatus, we obtain produéis which indicate 
Bots NET. € F the 
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the decompofition of this inflammable fubftance: 
there patfes over firft an aleohol of an agreeable 
and aromatic fmell, a fort of oil, much hidrogen 
gas, and the pot-afh which remains is charged 
with carbon. Some chemifts have afferted that 
ammonia was difengaged in this operation, and 
they have feen in it, as in the diftillation of foap 
made by the fame elevated temperature, a proof 
of the pretence of azote in pot-afh. Others be- 
heve that it is only a {mall quantity of pot-afh 
elevated with the volatile products which has 
produced the change in thisexperiment. Hence, 
it refults, that this operation is not yet well 
known, and that if it proves in general the de- 
compofition of the alcohol, it cannot yet ferve 
for the determination of its principles, and ftill 
lefs of thofe of the pot- -afh. 

72. All the powerful acids aét upon alcohol 
in a more or lefs powerful manner, and affect its 
decompofition with different phenomena, ac- 
cording to their energy, their quantity, and the 
temperature to which their mixture is expofed. 
That which is of all the moft important to be 
well known and its action well determined, fince 
it will ferve to explain that of all the others, is 
the concentrated fulphuric acid. | 

When this acid is poured upon alcohol, it firft 
finks to the bottom; by agitation it mixes with 
it, producing heat and.a hiffing that proceeds 
from a difengagement of a portion of alcohol, 
already altered and aromatic, in the ftate of va- 


pour; the mixture aff umes a brown colour, and 
: lett 
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left in this ftate it forms what was formerly called 
dulcified fulphuric acid, or water of Rabel, when 
a fourth of acid had been added to it. ~ À 

When we place the retort in which the mix- 
ture is gencrally made upon a bath of heated 
fand, and adapt two receivers to it, the firft im- 
merfed in a veffel filled with cold water or ice, 
we obtain fucceffively, 

a. An alcohol of an agreeable fmeil. 

+. A liquid called ether, of a lively fmell, of 
extreme volatility, the prefence of which is an- 
nounced by the ebullition of the liquor contained 
in the retort, and by large ftreaks that appear 
on the vault of this veflel. Care is taken to 
cool the receiver with wet cloths. 
_¢c. After the ether, fulphureous acid paffes over, 
the white colour and the fmell of which indicate 
that it is time to unlute the receiver, in order 
to have the ether feparate. 

d. Atthe fame time there is volatilized a light, 
yellowith oil, which is called /weet oil of wine. 
The fire ought to be greatly moderated after the 
ether has. patted over, as the matter contained 
in the retort is black, thick and {wells confider- 
ably. 

e. When all the fweet oil. is diftilled, there 
{till paffes over fulphureous acid which becomes 
more and more thick, and is at laft nothing 
more than black and impure fulphuric acid. 

f. It is accompanied with an odorous carbo- 
nated hidrogen gas and with carbonic acid was. 
P2 Pap 
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. It is to be obferved that till concentrated 
fulphuric acid paffes over, water is conftantly 
elevated at the fame time with all the other 
products. 

h. When this operation is continued with a 
mild fire, the refiduum becomes at laft mtirely 
dried, and acquires the form and confiftence of 
a bitumen. An acid liquor and a fubftance dry 
and yellowith like fulphur are obtained from this 
bitumen, by expofing it to a very ftrong fire. 
Citizen Baumé, who made a large feries of ex- 
periments upon the fulphuric ether, long before 
the eftablithment of the pneumatic doétrine, ex- 
amined this refiduum with much attention. He 
found in it fulphate of iron, Pruffian blue, a faline 
fubftance and a particular earth, the nature of 
which he has not determined ; he affures us even 
that the yellowith fublimate which it affords is 
not fulphur, and that it remains white and pul- 
verulent without inflaming upon the coals. I 
fall add ‘to thefe details, that the refiduum of the 
ether, colleéted after the diftillation of this pro- 
duct, may ‘again furnifh new ether if we add to 
it, according to the procefs of Citizen Cadet, a 
third of Swan dephlegmated by means of pot- 
afh, and diftil this mixture. Thefe diftillations 
may be repeated feveral ‘times, and thus may 
be extraéted from a mixture of fix parts of ful- 
phuric acid and of alcohol, to which fifteen parts 
of the latter fluid are fucceffively added, more 
than ten parts of very good ether. 


1 73. The 
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73. The operation which I have juft de- 
feribed is one of the moft fingular which che- 
miftry affords, by the phenomena which it pre- 
fents, and at the fame time one of the moft 
important, by the light which it may throw upon 
the compofition of alien Several opinions have 
been advanced refpecting the formation of ether, 
of which fome account muft be given, in or- 
der that it may be underftood in ee manner 
Citizen Vauquelin and myfelf have arrived at 
the difcovery of the true caufe of ethérification. 
Macquer, who confidered alcohol as a com- 
pound of water and of phlogifton, thought that 
the fulphuric acid carried off the. water from 
this fubftance, and brought it more and more 
near to the charaéters of oil. Thus, according to 
this opinion, there firft pañled over alcohol little 
altered ; afterwards a fluid intermediate between 
alcohol and oil. This was the ether; and 
finally a real oil, becaufe the fulphuric acid was 
fuppofed to aét with the greater energy upon 
the principles of the alcohol, in proportion as 
the heat employed for obtaining the ether was 
more intenfe. _ Bucquet, ftruck by an objeétion 
which he had ftarted againft this theory, namely, 
that it was difficult to conceive how the ful- 
phuric acid, charged from the commencement 
of its action upon the alcohol with a certain 
quantity of water which it had taken from 
this fluid, could, although phlegmatic, re-aét 
futficiently upon another portion of the fame 
alcohol to reduce it to the ftate of oil, has pro- 


pofed 
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pofed another opinion refpecing the produc- 
tion of ether, With Stahl and Boerhaave, he 
confidered alcohol as a fluid compofed of oil, of 
acid and of water. He thought that when ful- 
phuric acid was mixed with alcohol, there re- | 
fulted from this mixture a fort of bituminous 
“fluid, which afforded the fame principles, by 
the action of heat, as all the bitumens ; that is 
to fay, a light, highly odorous, very combuf- 
tible oil, a kind of naphtha, which was the 
ether, a fubftance that has long borne the name 
of naphtha, amonett the German chemifts efpe- 
cially, and afterwards an oil leis volatile, and 
more highly coloured than the firft, which was 
the fweet oil of wine. In faét, it will be feen 
from the properties of ether that are about to 
be enunciated, that this fluid has all the cha- 
racters of a very attenuated oil, fuch as the 
naphtha: but this theory, which fuppofes alcohol 
to be formed of oil, of acid, and of water, can 
no longer be admitted, though ingeuious at 
the time when it was propofed, for the ex- 
planation of the mechanifm of the formation 
of ether. 

74. Modern chemifts, fince the eftablifh- 
ment of the pneumatic doétrine, have hitherto 
formed only vague ideas concerning etherifica- 
tion. T had A reed after them, in my preceding 
works, that 1t appeared, that the oxigen was 
taken away from the fulpuric acid by the al- 
cohol, that a part of the hidrogen of the lat 
ter formed water with the oxigen of the acid, 

and 
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and that the alcohol deprived of this portion of 
hidrogen formed ether; but I had added, that 
what took place in this operation was not exactly 
known; and in fat, when Citizen Vauquelin 
and myfelf occupied ourfelves with this fubjeét, 
we arrived at other refults. The following is a 
{ketch of our labours upon this fubjeét. 

75.: After having previoufly proved, as I 
have fhown elfewhere, that the concentrated 
fulphuric acid aéts fpontaneoufly upon the ve- 
getable fubftances, changing them into water 
and acetous acid at the expenfe of their com- 
pounds, and exerting on its own part only its 
great tendency to faturate itfelf with water, we 
examined the phenomena which take place in 
the union of this acid with alcohol; and the 
following are thofe which ferved as the bafis of 
our reafoning. | | 

A. Equal parts of concentrated fulphuric 
acid, and highly reétified alcohol, mixed toge- 
ther, difengage a mais of caloric capable of 
elevating the temperature of the mixture to 
feventy degrees; bubbles of gas are formed : 
the liquor becomes turbid, opaque, and affumes 
after fome days a deep red colour. 

B. A combination of two parts of fulphuric 
acid, and one part of alcohol, elevates the tem- 
perature of the mixture to feventy-five degrees, 
beeomes immediately of a deep red colour, paffes 
to black fome days after, and diffufes an odour 
fenfibly ethereal. | 

C. If 
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C. If we carefully obferve all that takes place 
in the combination of equal parts of fulphuric 
acid and of alcohol, expofed to the aétion of 
caloric in a convenient apparatus, fuch as is at 
prefent employed for preparing the ether we re~ 
mark the following phenomena: | 

a. When the temperature is elevated to fe- 

venty-eight degrees, the liquor enters into ebul- 
lition; a vapour is prodticed, which is condenfed 
by the cold into a clear, light, and odorous li- 
quid, which, on account of thefe properties, has 
received ths name of ether. When the opera- 
tion is fkilfully conduéted, no permanent gas 
is developed till about half the alcohol is con- 
verted into ether. | 

b. If, as foon as the fulphureous acid mani- 
fefts itfelf, we change the receiver, it is obferved 
that no more ether is formed, but fweet oil of 
wine, water, acetous acid, and not an atom of 
carbonic acid. 

When the fulphuric acid forms about four- 
fifths of the mafs that remains in the retort, an 
inflammable gas is difengaged, which has a 
fmell of ether and which burns with a white — 
oily flame, It is this gas which the Dutch che- 
wifts have called carbonated hidrogen gas, or 
olefying gas, becaufe when mixed with the OXx1- > 
genated muriatic acid it for msoil. At this pe- 
riod the temperature of the matter contained 
in the retort is elevated to eighty- eight or ninety 


deg rees. 
& When 
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ce. When the fweet oil of wine ceafes to run, 
if we change the receiver again, we fee that 
there now paffes over only fulphureous gas, wa- 
ter previoufly formed, carbonic acid gas, and 
that there remains in the retort only a mafs, 
the greater part of which is fulphuric acid 
thickened by coal. 

From thefe phenomena, which are very con- 
ftant, and have been well obferved, we may 
draw the following refults : 

a. There is formed fpontaneoufly, without 
the aid of adventitious heat, by the combination 
of two parts of fulphuric acid, and one part of 
alcohol, a fmall quantity of ether. 

b. As foon as ether is formed, and at the 
fame time water is produced, and whilft the 
firft of thefe compofitions takes place, the ful- 
phuric acid undergoes no change in its inti- 
mate nature. 

€. As foon as the fulphureous acid appears, no 
more ether is formed, or at leaft very little ; but 
there then pañles fweet oil of wine, water, and 
acetous acid. | 

d. When the fweet oil of wine has ceafed to 
pafs, nothing more is obtained than fulphureous 
acid, carbonic acid. and finally fulphur, if we 
diftil it to the end. | 

The operation of making ether, as it is praétifed, 
is theretore really divided into three epochas: 
the firft, in which a fmall quantity of ether and 
of water are formed without the aid of an ad- 

| ventitious 
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ventitious heat, namely, between feventy and 
feventy-two degrees ; the fecond, by which the 
whole quantity of ether which is obtained is dif- 
engaged without being accompanied by ful- 
phureous acid, at feventy-eight degrees of tem- 
- perature; finally, the third, in ie the fweet 
oil of wine, the olefying gas, the acetous acid, 
the fulphureous acid, and the carbonic acid, 
are produced. whilft the mixture is elevated 
from eighty-eight to ninety degrees of tem- 
perature by oe communicated to it. Thefe 
three periods have nothing in common with 
each other, except a Aon al formation of 
water from the beginning to -the end of the 
Operation. 

Refting upon thefe well-confirmed obferva- 
tions, we have eftablifhed the theory of etheri- 
fication in the following manner: In the cafe 
where the ether is formed by the fimple mixture 
of alcohol and of fulphuric acid, without the aid 
of adventitious heat, a formation which is an- 
nounced by the heat as well as by the black 
precipitate, the carbon which is feparated with- 
out production of fulphureous acid, proves 
that the fulphuric acid aëts upon the alcohol in 
a very different manner from what has hitherto | 
been believed. In faét, this acid cannot be 
decompofed at this temperature by the carbon; 
experience has fhown that no aétion takes place 
in the cold between thefe two bodies. Neither 
is the entire alcohol decompofed ; for then ful- 

: | phureous 
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phureous acid would be formed, of which it 
is known that no trace appears at the begin- 
ning of the operation. 7 

We muft therefore have recourfe to an aétion 
of another order ; namely, the powerful affinity 
which fulphuric acid exerts upon water; it is 
this which determines the union of the confti- 
tuent principles of the water exifting in the al- 


cohol, with which this acid is in contaét; but 


this action is limited: there is foon eftablifhed 
an equilibrium of affinities, the effect of which 
is to maintain the new combinations in a ftate 
of repofe. | | É 
‘If it be proved that etheris formed by the mix- 
ture of any given quantities of fulphuric acid 
and alcohol, it evidently follows that we might 
completely change a mafs of alcohol into ether, 
water, and vegetable acid, by fufficiently ele- 
vating the fum of the fulphuric acid; and it 
is equally evident that this acid would experi- 
ence no other alteration than that of being di- 

luted with water. | sue 
. It ought not to be inferred from this theory, 
that the ether is only the alcohol, minus the ox- 
igen, and hidrogen ; for there is feparated at the 
fame time a quantity of carbon proportionally 
larger than that of the hidrogen; and it is eafily 
conceived that the oxigen, which combines 
in this circumftançe with the hidrogen to form 
the water,-did not faturate only this hidrogen 
in the alcohol, but that it at the fame time fa- 
turated in it the carbon that is precipitated; 
thus, 
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thus, inftead of confidering the ether as alco- 
hol minus the hidrogen and oxigen, we ought, 
taking account of the carbon that is precipita- 
ted, and of the fmall quantity of hidrogen con- 
tained in the water that is formed, to confider 
it as alcohol, plus hidrogen and oxigen. Such 
is the theory of what pañles in the fpontaneous 
ation between the fulphuric acid and alcohol 
without the addition of extraneous heat. 

When the mixture of fulphuric acid and al- 
cohol is fubjeéted to the action of heat, the 
mode of the etherification is more complicated 
and its refults more numerous. 

Firft, we muft obferve that this mixture, in 
equal proportions, does not enter into ebulli- 
tion below the temperature of feventy eight de- 
grees, whereas alcohol alone boils at fixty-four 
degrees ; whence it is to be concluded that the 
_ alcohol is retained by the attraétion of the ful- 
phuric acid which fixes it. We muft compare 
what then takes place in it with what hap- 
pens to every other vegetable matter expofed to 
the fire, the principles of which are volatilized 
according to the order of their affinity for calo- 
ric, carrying along with them a {mall quantity 
of the more fixed elements: thus, in proportion 
as the fulphuric acid attraéts the alcohol and the 
water, the formation of which it favours, the 
ether which is developed attraéts the caloric 
and is volatilized, and when the greater part of 
the alcoho! has been changed into ether, the 
mixture becomes more dente, the heat which it 

acquires 
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acquires is more confiderable, and the affinity 
of the fulphuric acid for the alcohol not yet, 
decompofed being augmented, the principles of 
this acid parties : foe that, on the one hand, its 
oxigen feizes the hidrogen of the alcohol, and 
forms water, which is gradually volatilized, 
whilft, on the other, the ether retaining a larger 
quantity of carbon with which it can be volati- 
lized at this temperature, gives rife to the /wect 
oil of wine, which ought to be confidered as an 
ether more highly charged with carbon, which 
is proved by its fuperior weight, its lefs con- 
fiderable volatility,-and its yellow colour. 

With the aid of this fimple theory, which is” 
only the refult of the faéts, we have been led to 
conclufions uféful to the chemical and pharma- 
ceutical art, of which the following is a fketch. » 

a. The formation of ether is not to be attri- 
buted, as had hitherto been thought, to the 
immediate action of the principles of the ful- 
phuric acid upon thofe of the alcohol, but to a 
real re-action of the elements of the latter upon 
each other, and particularly of its oxigen and 
hidrogen, occafioned only by the fulphuric acid. 

6. We might, ftriéily fpeaking, change any 
given quantity of alcohol into ether, without the 
aid of heat, by fufficiently augmenting the pro- 
portion of fulphuric acid. 

c. The ordinary operation is divided Ait two 
principal periods with refpeét to the alteration of 
the alcohol; in one of which nothing elfe is 

formed 
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formed than ether and water, in the other fweet 
oil of wine, water, and acetous acid. _ 

d.. During the formation of the ether, the 
fulphuric acid is not decompofed, and the ee reet 

il of wine is not formed; as foon as this ap- 

pears, no more ether, or at leaft but very little, 
is difengaged, and at the fame time the fulphu- 
ric acid is Ne by the hidrogen alone: 
hence refults the fulphureous acid. 
….€& We may avoid the formation of the fweet 
oil of wine by maintaining the temperature be- 
tween feventy-five and feventy-cight degrees, 
by means of a well-conduéted addition of fome 
drops of water in the retort. 

f. Finally, alcohol differs from ether by its 
containing more carbon and lefs hidrogen and 
oxigen; and the fweet oil of wine ftands nearly 
in the fame relation to ether as the alcohol does 
to it. 

76. The ether obtained by the apiece that 
has been defcribed, and which is called /ulphu- 
ric ether, is not very pure; it is combined with 
alcohol and with fulphureous acid. In order to 
rectify it, it is diftilled in a retort on the fand- 
bath with fixed alkali: or with magnefia. Either 
of thefe bafes combines with the fulphureous 
acid, and the ether pañles off very pure by the 
gentleft heat. If we feparate the firft half of 
this product, we obtain the moft agreeable and 
the beft reétified ether. | 

Ether is a lighter fluid than alcohol, of a 
firong, aromatic, and very diffufible fmell, of 

a hot 
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a hot and pungent tafte. It is fo volatile that — 
on pouring it out or agitating it, it is inftanta- 
neoufty diffipated. It produces fuch a degree 
of cold in its evaporation, that we may congeal 
water in a veflel, by wrapping it round with 
cloths, and evaporating ether upon them. Itis 
reduced into a fort of ethereal gas which burns 
with rapidity. The air that holds ether in folution 
may pafs through water without ceafing to be 
inflammable and odorous. This kind of com- 
buftible gas is employed for eleétrical experi- 
‘ments and for charging Volta’s cannon. 

Ether inflames very eafily when it is heated in 
the free air, or when an inflamed body is brought 
into contact with it: the electric {park hkewife 
kindlesit. It emits a white and very luminous 
flame, and it leaves a black, feemingly coaly 
mark upon the furface of the bodies which we 
expofe to its flame. Lavoifier has afcertained 
that acid is formed during the combuftion of — 
this liquor, and Scheele, that the refidue of 
ether, burned upon a fmall quantity of water, 
contains fulphuric acid. | 

Ether diffolves in ten parts of water, accord- 
ing to Citizen Lauraguais. The phenomena 
_ which ether would prefent with all the faline 
’ fubftances have not yet been examined in de- 
tail; weareonly well acquainted with the action 
‘ot fome of the acids upon this inflammable li- 
quid. Lime and the fixed alkalis do not ap- 
pear to be fafceptible of altering it. Cauftic am- 

2 monia 
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monta mixes with it in all proportions, and forms 
with it a fubftance, the mixed odour of which 
might bevery ufeful in faintings and fpafmodic 
affections. The fulphuric acid becomes ftrongly 
heated with ether, and it may convert a con- 
fiderable part of it into fweet oil of wine by dif- 
tillation. The fuming nitrous acid excites in it 
à confiderable effervefcence; and the ether ap- 
_ pears to become more confiftent, more coloured, 
and more oily in this experiment. 

Mixed with the muriatic folution of gold, it 
retains a part of this metal for fome time, and 
feems then to act like the volatile oils, which 
likewife retain a portion of oxide of gold; but 
at the end of fome ‘days the gold feparates in 
the brilliant, metallic, duétile, and cryftalline 
form. Le : | 

Ether diffolves the volatile oils and the refins 
like alcohol ; and phyficians frequently employ 
etherated tinétures. It diffolves the foftened 
caoutchouc well, if previoufly {welled in boil- 
ing water, and cut into fmall fragments. This 
folution, as it evaporates, leaves a layer of pure 
and elaftic caoutchouc upon the badies on which 
it has been fpread. 

77. The nitric acid, and efpecially the nitrous 
acid, aét in a muchmore rapid manner than the 
fulphuric upon reétified alcohol: here, inftead 
of promoting the re-action by heat, every 
attempt is made to moderate it, either by 
diluting the two liquids, or by cooling their 
mixture, | 

Navier.. 
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Navier, a phyfician at Chalons, is the firft who 
“has given an eafy and moderately expenfive pro- 
cefs for preparing the nitrous ether. According 
to this chemift, we take a very ftrong Sèvres or 
ftone-bottle, pour into it twelve parts of pure and 
well-reétified alcohol, and immerfe it in cold 
water, or, which is ftill better, into ice; then 
add at different times, fhaking the mixture 
each time, eight parts of concentrated nitric 
acid, but in part nitrous; the bottle is to be well 
clofed with a good cork, tied over with lea- 
ther; this mixture is left to ftand in a remote 
place, in order to prevent the accidents which 
fometimes arife from the breaking of the bottles. 
After fome hours, bubbles rife from the bottom 
of the veffel, and drops colleét at the furface of 
the liquor which gradually form a ftratum of 
real ether. This difengagement takes place 
during four or fix days. When no motion is any 
longer obferved in the liquid, the ftopper is per- 
forated with a bodkin, in order to let a certain 
quantity of nitrous gas efcape, which, without 
this precaution, would iflue out with rapidity in 
uncorking the bottle, and carry with it the ether 
which would be loft. ; When the gas is diffipa- 
ted, the bottle is gently uncorked ; the liquor 
which it contains is poured into a funnel ; the 
refiduum is feparated, by preffure of the finger, 
from the ether which fwims above it, and the 
latter is received into a feparate bottle. 

78. Mr. Woulfe, an Englith chemift, has given 
another procefs for preparing the nitric ether. 
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It confifis in employing very large vefels, in 
order to prefent a large {pace to the elaftic fluids 
which are difengaged. We take a matrafs of 
white glafs, from eight to ten litres, terminated 
by a neck about two metres and a half in length; 
this is placed upon a three-legged fupport, fuffi- 
ciently high for a chafing-difh to be placed be- 
neath it; to the neck of this matrafs a tubulated 
capital is fitted, to the beak of which a tube of 
elafs is adapted, of equal length with the neck 
of the matrafs : this laft is received by its lower 
extremity into an adopter with two necks, 
perforated below with a tubulure to which a 
bottle is fixed ; to the third neck of this veffel 
are added the bottles which conftitute Woulfe’s 
apparatus that has been already feveral times 
defcribed. When all thefe veffels are well luted, 
equal parts of rectified alcohol and of fuming 
nitrous acid are poured into the matrafs by the 
tubulure of the capital; the capital is then 
clofed with a glafs {topper which is fecured 
with a leather bound round with packthread. As 
foon as the mixture is made it becomes much 
heated ; vapours are difengaged from it, which 
rapidly pafs through the neck of the matrafs ; 
and the latter being heated till the liquor which 
it contains boils, with the aid of the chafing- 
difh placed under it, nitric ether paffes into the 
matrafs which ferves as the receiver. This pro- 
cefs, though very ingenious, has feveral incon- 
veniences ; it requires a confiderable time to 
fix the apparatus, which is very dear and 

very 
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very embarrafling ; befides which, it is attended 

-with danger, for, notwithftanding the fpace given 
to the vapours, they are difengaged with fuch 
rapidity, that the apparatus frequently breaks 
- with a loud explofion. In five operations of this 
nature which I have witneffed or affifted in, from 
1772 to 1778, I have twice feen the vetfels ae in 
pieces with a violent explofion. 

79. Mr. Bogues publithed, in 1773, another 
method of preparing the nitric ether. He advifes 
to mix in a glafs retort, of a capacity to contain 
8 kilogrammes (about 20lbs.) of water, half a ki- 
logramme of alcohol, with the fame quantity of 
nitric acid, diluted fo as to give only 24 degrees by 
the areometer for the acids; to adapt to the re- 
tort a matrafs capable of containing twelve kilo- 
grammes of water; to afford a paflage to the gas 
by adjufting two quills to the junction of the 
lutes, and to diftil with a very gentle fire, im- 
merfing only a very {mall part oi the retort in 
the find. By this method he has obtained a 
little more than a third of the weight of the al- 
cohol of fufhciently pure nitric ether. It ap- 
pears from what Rozier fays in his Journal de 
Phyfique, that Mitouard employed, fince 1770, 
a procefs much refembling that ef Mr. Bogues. 
This chemift put four parts of fuming FRE of 
nitre with twelve parts of alcohol to diftil inare- 
tort, which he fuffered to reft but very lightly 
upon the fand, and by this means, which appears 
to be the moft fimple of all, he obtained nitric 
ether fimilar to that of Navier. 

Q 2 80. Finally 
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80.. Finally Citizen Laplanche, apothecary at 
Paris, has fucceffively contrived two methods 
for preparing the nitric ether by fufficiently 
convenient procefies. The firft confifts in put- 
ting nitre into a tubulated retort of ftone-ware, 
to which is adapted either one large matrafs or 
two conneéted together, and pouring through 
the tubulure firft concentrated fulphuric acid 
and afterwards alcohol. The fulphuric acid 
difengages the nitric, which re-aéts upon the 
aldohols and forms almoft immediately nitric 
ether. As it might be fufpeéted that the ether 
prepared by this procefs was in part fulphuric, 
he has fubftituted in ftead of this firft method a 
fecond very ingenious procefs. He adapts to a 
tubulated glafs retort, into which he has put 
well dried nitre, an adopter and a matrafs which 
communicates by a curved tube with an empty 
bottle ; the latter communicates by the aid of a 
fyphon, into another bottle which contains al- 
cohol of the moft perfeét kind to the amount of 
half the weight of the nitre. The whole being 
well luted, and the retort placed upon a bath of 
afhes, concentrated fulphuric acid, alfo to the 
amount of half the weight of the nitre, is poured 
upon the nitre through the tubulure of this laft 
veffel; the retort is cloféd with a glafs ftopper: 
the fire is applied till ebullition is produced, and 
in this ftate it is kept till no more vapours pafs 
over. In this experiment, the fulphuric acid dif- 

engages that of the nitre, part of which pañles 
into the matrafs and part into the fecond flafk. 
When 
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When the operation is completed, the matrafs 
contains fuming nitrous'acid, the retort fulphate 
of pot-afh, and the fecond flafk a liquor, ether- 
ated by the aétion of the vapour of the nitric 
acid upon the alcohol. This laft liquor is diftilled 
in a retort with a fimple receiver, and only two 
thirds of the product are taken. This produét 
is again diftilled with a fifth of fuming nitrous’ 
acid which is gradually poured upon it by 
means of a glafs funnel with a long pipe; 
only two thirds of it are taken; finally, this 
fecond produét is reétified upon pot-afh, dividing 
the product of the ethereal liquor into two 
parts; the firft is very pure nitric ether, the fe- 
cond forms a kind of anodyne nitrous mineral 
liquor. The refidues of the two rectifications, 
form what was formerly called dulcified fpirit of 
nitre. | i | 
81. The nitric ether obtained by all thefe dif- 
ferent procefles is a yellowith fluid, equally vola- 
tile, and equally evaporable with the fulphuric 
ether; its fmell is fimilar to that of the latter, 
though ftronger and lefs agreeable; its tafte is 
hot and more difagreeable than that of the ful- 
phuric ether ; it is frequently of a yellow colour; 
it caufes the ftoppers of the bottles in which it 
is inclofed to fly out, becaufe a large quantity 
of gas is continually difengaged from it? it 
conftantly gives a red and yellow tinge to the 
linen of the corks with which it is compretied ; 
it diffufes whilft burning a more brilliant. flame 
and a thicker fmoke than the fulphuric ether ; 
2 | it 
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it alfo leaves a coal fomewhat more abundant ; 
like the fulphuric ether, it feparates gold from 
its folution and becomes charged with a certain 
quantity of it. When it is kept for a long time 
ina clofe veffel, water containing a fmall quan- 
tity of oxalic acid is formed at the bottom of this 
ether: it isrendered colourlefs by diftilling it from 
the alkalis; fugar has fucceeded with Citizen 
Deyeux in effeéting this purification, and this 
body retained a burning acrid oil which he be- 
lieves to be analogous to the {weet oil of wine, 
and formed during the diftillation of the ether ; 
he adds that it is produced more fpeedily by the 
action of the nitric acid than by that of the ful- 
phuric, and that it is difengaged at the fame 
“time with the ether, which is the’ caufe of its 
colour: he has alfo-found that by mixing 
fixteen parts of water with one part of nitric 
ether, in a bottle provided with a tube, the nitric | 
gas which it contains is feparated from it by a 
fpontaneous efférvefcence, and that, when once 
deprived of this gas, the nitric ether may be 
kept like the fulphuric, without breaking the 
vefiels in which it is inclofed. It is in this 
manner that he prefcribes it to be rectified by 
means of fugar, and deprived of gas by means 
of water, for medicinal ufe. 

82. The refiduum of nitric ether is of a. 
yellow colour; its fmell is acid and aromatic; 
its tafte pungent and refembling that of diftilled 
vinegar. When diftilled it affords, according to 
Citizen Baume, a:clear liquor, of a more plea- 

hat 
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fant fmell than the nitric ether, of an agreeable 
acid tafte, which reddens the fyrup of violets, 
unites with water in all proportions, and effer- 
vefces with the carbonate of pot-afh: this is 
acetous acid mixed with a little ether. There 
afterwards remains in the retort a matter of an 
amber-yellow colour, friable, refembling amber, 
attracting the humidity of the atmofphere, and 
acquiring a pitchy confiftence, and diffolv- 
ing in water without rendering it mucilaginous. 
This fubftance, which Citizen Baumé calls /a- 
ponaceous gum, affords by the retort fome drops 
of an acidulous liquor, which is very clear, of 
an oily confiftence and a flight empyreumatic 
fmell, After the diftillation a coal remains 
which is fpongy, brilliant, without tafte, and very 
fixed in the fire. Bucquet fays that if we eva- 
porate the liquor which remains after the forma- 
tion of the nitric ether, it affumes the confift- 
ence of a mucilage, and that there are formed 
in it after a longer or fhorter fpace of time, 
faline cryftals, much refembling hairy cater- 
pillars, which have been called Hierne’s cryftals, 
after the name of the chemift who firft defcribed 
them; it is now known, according to the expe- 
riments of Mr. Hermftaedt, that they are oxalic 
acid. Itis evident, according to ail thefe de- 
tails, to which we may add that carbonic acid 
gas paffes over during the whole of the aétion 
of the nitric acid upon the alcohol, that this 
action does not differ from that of the ful- 
phuric acid, except in the circumftance that the 

carbon 
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carbon which is precipitated by the latter is 
diffolved and burned in the oxigen of the former ; 
that oil is formed more quickly and more abun- 
dantly; that the etherification proceeds from 
the fame caufe, and that oxalic and acetous acids | 
are formed at the fame time with the ether, the 
oil, the water and the carbonic acid. The ra- 
pidity of this decompofition, and the gafes which 
are difengaged whilft it takes place, render the 
etherification by the nitric acid much more tu- 
multuous than that by the fulphuric, and this 
is the caufe why it is fo frequently accompanied 
with explofion, and the burfting of the apparatus, 
when it is made with a too highly concentrated 
acid, x 
83. The muriatic acid has no fenfible action 
upon alcohol; this acid is dulcified, either by 
the fimple admixture of that liquid, or by diftil- 
lation with it, as the two others are when mixed 
in fmall quantity with alcohol. Citizen Baumé, 
in his differtation upon ether, fays he has ob- 
tained a {mall quantity of muriatic ether by 
caufing the muriatic acid and alcohol to meet in 
vapour. Ludolf and Pott have employed the 
fuper-oxigenated and fublimed muriate of anti- 
mony, or the butter of antimony, with this view. 
Mr. de Bormes has prefcribed to diffolve oxide of 
zinc in muriatic acid, and to diftil this falt con- 
_ centrated by evaporation in clofe veffels with 
alcohol.’ This procefs affords muriatic ether 

with fufficient facility. 
But 
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But no one, previous to the chemical revolu- 
tion, had- followed up this work with fo much 
attention as Courtanvaux, of the Academy of 
Sciences ; he fucceeded in preparing the muria- 
tic ether by the following procefs: One part of 
alcohol, with nearly three parts of fuper-oxige~ 
genated muriate of tin, or the fuming liquor 
of Libavius, are poured into a glafs retort; a 
very violent heat is excited, and a white fuffo- 
eating liquor rifes, which difappears as foon as 
the liquor is agitated ; anagreeable fmell is then 
difengaged, and the liquor affumes a yellow co- 
lour. The retort is placed upon a bath of hot 
fand; two matraffes are luted to it, the laft of 
which is immerfed in cold water. Firft dephleg- 
mated alcohol patfes over, and the ether rifes 
foon after: this is perceived by its agreeable 
fmell, and by the ftreaks which it forms upon 
the roof of the retort. As foon as this fmell 
changes, and becomes ftrong and fuffocat- 
ing, the receiver is changed, and the diftilla- 
tion is continued; a clear acid liquor is ob- 
tained, with fome drops of fweet oil fwimming 
upon it, which is fucceeded by a yellow matter 
of a butyraceous confiftence, a real muriate of 
tin, and at laft a brown, heavy liquor, which 
exhales white vapours in great abundance: 
there remains in the retort a grey pulverulent 
matter, which is an oxide of tin. The ethe- 
real produé is poured into a retort upon car- 
bonate of pot-ath; a lively effervefcence takes 
place, and a very abundant precipitate is formed, 

| | which 
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which proceeds from the oxide of tin which 
the acid had carried away with it during the 
diftillation: a fmall quantity of water is added, 
and diftillation is performed with a gentle heat ; 
about the half of this ethereal produét is ob- 
tained. All the liquors which pafs after the mu- 
riatic ether are highly charged with oxide of 
tin; they attract the moifture of the air, they 
unite with water without forming any precipi- 
tate. It was not known to what we ought to 
attribute the very rapid action of the muriate acid 
contained in the fuming liquor of Libavius 
upon the alcohol, whilft the pure acid exerted 
no action at all upon it; but it is evident that 
this action is owing to the circumftance that 
this acid is in the ftate of oxigenated muriatic 
acid in this metallic muriate, and that it is to 
the excefs of the oxigen that we ought to at- 
tribute the property which it poffeffes of con- 
-verting the alcohol into ether. Such is the 
theory which was firft advanced by me in 1781, 
and which has been confirmed by the labours of 
Citizens Berthollet and Pelletier, as I fhall pro- 

ceed to fhow. 
84. Citizen Laplanche has propofed, for pre- 
paring the muriatic ether, to pour into a tubulat- 
ed retort fulphuric acid and alcohol upon decre- 
pitated muriate of foda, The muriatic acid 
gas, difengaged by the fulphuric acid, meets in 
the receiver with the alcohol in vapour, and 
combines with it. He affures us that there re- 
fults an etherated acid, which is rectified upon 
pot-ath, 
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pot-afh, in order to obtain the pure ether from 
it; but it is probable that if a little ether is 
formed in this procefs, it proceeds only from 
a fmall portien of oxigenated muriatic acid 
formed in the operation. Pelletier has fucceeded 
in producing muriatic ether by diftilling ina large — 
tubulated retort oxide of manganefe, muriate of 
foda, concentrated fulphuric acid, and reétified 
alcohol. The ether, which is obtained by this 
procefs, forms half the weight of the alcohol 
that has been employed. Citizen Berthoilet has 
difcovered that the fame ethereal liquor is ob- 
tained by diftilling with a mild heat alcohol fa- 
turated with oxigenated muriatic acid gas ; and 
it has fince been obtained by diftilling upon 
the oxide of manganefe a mixture of highly 
rectified alcohol and well concentrated muriatic 
acid. Every thing proves theréfore, that the 
etherification proceeds from the oxigen added 
to the muriatic acid, 

The muriatic ether is very tranfparent and 
very volatile; it has nearly the fame colour 
as the fulphuric; it burns like it, and emits 
fimilar fumes, but it differs from it by two pro- 
perties; the one that it exhales, in burning, a 
pungent fmell as ftrong as the fulphureous 
acid ; the other, that it has a ftyptic tafte fimilar 
to that of alum. Thefe two phenomena are un- 
doubtedly owing to fome foreign bodies which 
it contains; for every thing indicates that ether - 
is in itfelf an identic fubfianee, a conftant 
product of the decompofition of the alcohol, 
by whatever acid and even by whatever re-agent 

it 
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it has been formed; for we fhall foon fee that 
the action of an dei is not indifpenfably ne- 
ceffary to its production. 

85. It has been often tried to produce ethers 
with the phofphoric, the tartarous, &c. acids ; but 
all thefe attempts have been fruitlefs, becaufe 
thefe acids have too little attraction for water 
to favour its produétion by. the decompofition 
of the alcohol, as the fulphuric acid does, or 
have too ftrong an adhefion with oxigen to 
fuffer this principle to feize upon thefe of the 
alcohol, cr are too eafily decompofed them- 
felves by the temperature at which the ethers are 
generally prepared, to be able to re-aét upon the 
alcohol, and effeét its etherification. Befides 
which, when chemifts endeavoured with a fort of 
obftinacy to form ethers with every acid, either 
new, or that had mot yet been examined as to 
its action upon alcohol, it was the general opi- 
nion that each ether was different from all the 
reft; but it is now known, that excepting the 
admixture of a {mall quantity of the acid em- 
ployed, ether is the fame body by whatever 
acid it may have been formed. 

86. Alcohol is decompofed by thofe me- 
tallic oxides which moft eafily relinquifh 
their oxigen, and it even fometimes pañles 
by the action of heat into the flate of va- 
pour in this decompofition, as Citizen Van- 
mons has difcovered. We here fee the fame 
faét, and confequently the fame theory as in the 
action of the nitric and of the oxigenated mu- 

rlatic 
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riatic acid upon alcohol. We obtain the fame 
refult, and even a much more ftriking effect, 
by the double decompofing attraction which 
the metallic folutions exert upon alcohol, when 
it is diftilled with thefe bodies. By diftilling 
thefe mixtures, we obtain proportions of ether 
fo much the larger as the folutions are more 
concentrated, and as the metallic oxides which 
they contain more eafily relinquith their oxigen. 
It is efpecially with the nitrates of mercury, of 
filver, of lead, and with the fuper-oxigenated 
metallic muriate, that thefe effects are the moft 
energetic. 

87. Finally, the decompofition of alcohol 
by its inflammation is modified ina more or lefs 
remarkable manner in the colours of the flame 
which it affords; by a great number of bodies 
which it holds in folution, or which are mixed 
with it, and though the real caufe of thefe modi- 
fications are not yet known, they are in them- 
felves fufficiently ftriking and fingular to de- 
ferve at leaft to be carefully defcribed. Thus 
the boracic acid gives to thecolour of the flame’ 
of alcohol a remarkable yellowifh-green caf; 
the foluble falts of ftrontian, a purple colour; 
thofe of barites, a pretty deep yellow; thofe of 
iron, light reds; and thofe of copper, blueifh 
greens, very different from the tinge produced 
by the boracic acid, 
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88. THoucn chemifts have for fome time be- 
lieved that the alcohol extra¢ted from dif- 
ferent fermented liquors was different; though 
they have efpecially diftingtifhed the brandies 
of wine, that of beer, called malt fpirits, the 
alcohol of cherries, defignated by the name of 
Kirchenwaffer ; the brandy of cider; rum, 
or the brandy of the fugar-cane; arrack, or 
the brandy of rice; yet it is well known at pre- 
fent that all thefe produéts are one and the fame, 
pofieffing identical properties, and prefenting 
exactly the fame chemical phenomena. 

89. However, for domettic purpofes, for the 
ufes of the arts, and efpecially for the delicacy 
of our organs, it is indifpenfably necefiary to 
admit the diftinétion of the fpecies of which I 
have juft fpoken, fince their different tafte, their 
very diverfified inflammability, lightnefs, and 
folvent properties, render each of them ufeful 
in different circumftances. But thefe modifi- 
cations depend much more upon. the manner in 
which they have been prepared, and upon the 
few precautions that have been taken in their 
diftillation, than upon their peculiar nature. 
In order to convince ourfelves of this, it is fuf- 
ficient to obferve, that the brandy extraéted 
from wines is not the fame in its tafte, its fmell 
and its ftrength, in the different countries where 

, it. 
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cit is prepared, though the primitive liquor 
which furnifhes it be identical, becaufe its 
diftillation is conduéted in a different manner. 
Still more muft this happen with fermented li- 
quors, charged with much extractive and muci- 
laginous matter, fuch as the beers and the 
ciders, which, when they are ftrongly heated, 
as is done in moft diftilleries, become thick, burn 
or char at the bottom of the alembics, and thus 
afford acrid, odorous, empyreumatic brandies, 
as they carry along with them a portion of oil 
in the diftillation. It is known with what energy 
alcohol retains the {mall quantity of oil capa- 
ble of giving it ftrong fmells, and a tafte foreign 
toits own. It is known that when once fatu- 
rated in this manner by diftillation it is impoffible 
to deprive it of them, and this fufficiently ex- 
plains all the various properties, fo fenfible 
to our organs, and neverthelefs fo inconfiderable 
in our chemical operations; which we meet 
with in the different kinds of brandies and of 
alcohol of commerce. 


e 


F, Ufes. 


90. THE ufes of alcohol are extremely nume- 
rous. Its property of fupporting and raifing the 
diminifhed ftrength of the body, of augmenting 
the energy of the contraétile fibres, the motion 
of the circulation, and the activity of the whole 
animal fyftem, gives it a place amongft the moft 
important remedies, It is rarely adminiftered 

: alone, 
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alone, at leaft not unlefs reduced to vapour, in 
order to introduce it with the air into the lungs, 
and caufe it to aét upon the relaxed fibres or 
the ulcers with which they may be affliéted. 
It is combined with a multitude of different fub- 
ftances, in order to add to its virtues and to 
adapt it to the indications which we with to 
fulfil. It is rendered very folvent by pot-afhin 
the acrid tin@ure of tartar and the Uilium, very 
antifeptic with camphor, antifpafmodic with the 
fmall portion of volatile oil which gives it fmell 
and modifies it, in what are improperly termed 
diftilled fhirituous waters, very aftringent with 
the addition of a quarter of its weight of ful- 
phuric acid, which conftitutes the water of Rabel. 
It is very ftomachic and cordial when combined 
with refins and oxigenated extractives, as it is 
in the artificial balfams, the tin€tures and the 
elixirs, or the /hirituous compounds, of which 
fuch a number of varieties are enumerated in the 
books of medical receipts and formule. 

91. Alcohol reduced to the ftate of ether is 
one of the moft powerful ftomachic, tonic and 
antifpafmodic remedies, as it aéts by being fud- 
denly reduced into vapour in the ftomach, 
where it is received upon a large furface at once, 
and upon almoft the whole of the nervous 
fyftem. It has been efpecially recommended as 
a folvent of biliary calcul ; but it is evident that 
it acts in this cafe much more by its fedative - 
property than by a real folvent quality, fince 
the flighteft knowledge of anatomy is fufficient 

to 
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to fhow that it cannot penetrate in fufficient 
abundance into the du@us choledochus and 
cyfticus to aét immediately upon the concretions 
contained in the gall-bladder. Ether intoxi- 
cates more powerfully and in a much fmaller 
dofe than alcohol. By mixing it with the firft 
aromatic alcohol which paffes in the diftillation 
with fulphuric acid, and with fome drops of vo- 
latile oil which paffes after it, the anodyne mi- 
neral liquor of Hoffman is prepared, which is 
much inferior to the ether itfelf, and aéts much 
more feebly and unequally. What is called in 
pharmacy nitrous anodyne mineral liquor is the 
product which fucceeds the nitrous ether in the 
diftillation. Asto the muriatic ether, it is a very 
bad medicine, as it is never uniform, fre- 
quently contains acid, and is much lefs ethe- 
rated than the two preceding. The common or 
fulphuric ether, well reétified, is preferable to all 
others... 
92. It is on account of 1 tonic and corro- 
borant virtues, that alcohol is fo frequently em- 
‘ployed in the preparation of very agreeable li- 
quors which are taken after meals to promote 
digeftion. The name of ratifias is given to the 
_infufons of a numbersof fubftances in. brandy, 
fweetened with fugar, and more particularly 
that of liqueurs, to the combinations of well 
~ rectified alcohol with volatile oils and fyrups, 
in different proportions. The fyrup furnishes 
the water and the fugar which foften the burning 
acrimony of the LORD the volatile oil fupplies 
Vou. VII. R the 
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the perfume; and when thefe fubftances are 
combined in proper proportions, fo that no fla- 
vour is too predominant; when the combination 
is very intimate, which it efpecially becomes 
in the courfe of time, they produce extremely 
agreeable beverages, They are varied without 
limit, according to the volatile oil that is ufed ; 
thofe of vani lla, of the rofe, the orange, the ci- 
tron, the clove, the nutmeg, cinnamon, anifeed, 
are preferred to moft others, on account of the 
ftrength or pleafantnefs of their fragrance. They 
are frequently combined with each other, and 
fometimes even in large quantities, and in this 
cafe care is taken to compound them im fuch a 
manner that none may predominate over the 
reft. In general they are prepared with one. 
part of rectified alcohol, two parts of water, one 
of refined fugar, and fome drops of volatile oil. 
Sometimes the alcohol is made to act immedi- 
ately upon the intire vegetable matters, in order 
to give it more of what is called the flavour of: 
the fruit. They are coloured with cochineal — 
and faffron. Thefe very pleafant liquors are 
ufeful only when taken moderately and in fmal} 
‘ quantities ; their abufe is pernicious and danger- 
ous: inftead of ftrengthening they then weaken 
the powers of the body and efpecially leh of 
the ftomach. 
g3. Alcohol, by the property which it poffeffes 
of eafily diffolving the volatile oils, of carrying 
them off by diftillation, fo as to form highly 
odorous and aromatic liquors, is very mueh em- 
ployed 
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ployed in the perfumer’s art. It is with this 
fubftance that they prepare the pleafant liquids 
known by the name of fcented waters, the eau 
de bouquet, the eau de millefleurs, the pots 
pourris, &c.: they alfo combine feveral of them 
together. Benzoin, ftorax, ambergris, muik, 
vanilla, are frequently employed in thefe compo- 
fitions ufed for the toilet. ‘Thefe are alfo pro- 
duéts of art which ought never to be employed 
but with referve and moderation, as it becomes 
neceffary to augment the dofe when once habitu- 
ated to the abufe of them; and by the continual 
effcét of perfumes the organs become weakened 
and fuffer a remarkable relaxation. 
_ 94. Alcohol is employed as a combuftibletofup- 
_ ply table-lamps, to afford brilliant flames in pub- 
lic {peétacles, and for performing a great number 
of philofophical and chemical experiments. It 
is particularly employed as a folvent in the pre- 
paration of the fineft and the moft coftly drying 
varnifhes. Thefe varnifhes are in general fatu- 
rated folutions of tr anfparent refins that are dry, 
little coloured, or even intirely tranfparent, 
fuch are copal; fandarach, maftich, olibanum. 
Alcohol is too coftly to ferve for dyeing in the 
large way ; but it is fometimes employed for 
dyeing filks and ribbands. 

95. It is one of the moft ufeful folvents to 
chemifts. It is efpecially applied to the fepara- 


>» tion-of the deliquefcent falts in the analyfis of 


the refiduums of mineral waters, of the afhes of 
R 2 plants 
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plants, &c. to the extraction and purification of . 
pot-afh, foda, &c.; to the examination of the 
| Vepetable matters, Ha having treated and ex- — 
haufted them with cold and hot water; to the 
treatment of fome animal fubftances; to the 
precipitation of falts that are infoluble in alcohol 
though foluble in water, &c. &c. 


Section VI. 
Of the Caufes or the Mechanifin of the Vinous 
Fermentation, and of the Formation of 
Alcohol. fig 


96. THOUGH I have fhown in the two pre- 
ceding paragraphs that the alcohol did:not exift 
ready formed, or intirely compofed in the wine ; 
though I have confidered it as aremote product 
of the vinous fermentation, it is however no lefs 
true that it proceeds from this fermentation; 
that without it it would not exift, and that. it 
is really formed by this procefs, fince a fermented 
vinous liquor is requifite. for obtaining it. It is 
no lefs evident that it proceeds from the fugar, 
becaufe it is indifputably neceffary that a liquor 
fhould be faccharine in order to become ‘vinous, 
and fince, when this liquor has paffed ‘into the 
fiate of wine, it no longer contains ¢ any faccha- 
rine fubftance. 


97. Chemifts 
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| 97. Chemifis have long known ne. bb! 
is arm at the expenfe. of the faccharine mat- 
ter: it is only fince the pneumatic doétrine, and 
the fine experiments that have ferved to 
eftablifh it, that the hope of determining the 
wmechanifm by which this kind of change is-ef- 
fected, has been conceived and already in part 
realized. : Lavoifier is the firft and almoft the 
only chemift who has occupied himfelf with it ; 
and though fomething is ftill wanting, onthe fcore | 
of precifion, to the ingenious refults which he has 
given us refpeéting this transformation, yet 
thefe refults are fufficiently fair and conclu- 
five, efpecially when compared with the impro- 
bable hypothefes which had been given before 
him, to authorize our confidering this part of 
the fcience as. greatly advanced, and very well 
calculated to diffufe great light..over the vege- 
table analyfis, À 
. 98: This illuftrious chermit ru by rte 
that in the vinous Fotos as, in Mer 
chemical operation, ;a real equation takes place 
between the principles of the body which fer- 
ments, and thofe which it affords after having 
fermented : that the juice of the grape, and more 
particularly the fugar, affording by fermenta- 
tion, on, the one hand carbonic acid, and on the 
‘other, alcohol, we mutt thence conclude the 
fugar to be =. carbonic acid + alcohol; and 
that by. knowing g well the nature of each of thefe 
bodies and that of the fugar,.we may exactly 
appreciate; what happens durs. this fermenta- 
a tion, 
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tion, or in what the change of nature, which it 
effects may confift. According to this view, 
knowing the nature of the fugar in which he had 
found 0,64 of oxigen, 0,28 of carbon, and 0,08 
of hidrogen, he fermented it with a fmall 
quantity of yeaft which he had alfo examin- 
ed: his experiment was made in an ingeni- 
ous apparatus, in which he colleéted exactly 
the carbonic acid difengaged, and loft none of 
the produéts of the fermentation. Without en- 
tering here into the detail of the proportion of 
thefe produéts, with refpeét to which fomething 
is wanting in accuracy, as muft have been the 
cafe in a firft experiment, I fhall here exhibit 
only the general refults, which alone are of in- 
tereft to the general progrefs of the theory, and 
conduét us to the knowledge of the mechanifm 
of fermentation. 

99. In calculating the proportion of the primi- 
tive principles contained in the 0,96 of fugar 
totally deeompofed in his experiment, Lavoifier 
found that this quantity of oxigen, of carbon, 
and of hidrogen was fufficient for forming all 
the alcohol, all the carbonic acid, and even the 
portion of acetous acid which he obtained. 
Hence he concluded that it is not neceffary to 
 fuppofe any decompofition of the water, as he had 
done at firft, for explaining the compofition of 
thefe two principal produéts, the alcohol and 
the carbonic acid; but that the mechanifm of the 
vinous fermentation confifts only in a change of 
equilibrium effected in the conftituent principles 

of 
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of the fugar, and in a new union under another 
order of thefe principles; a change favoured 
only by the prefence of the water and of the 
caloric, and commenced more efpecially by the 
ferment of the yeaft which he had employed: 
100. The effeéts of this fermentation are re- - 
duced in this theory founded upon experiment, 
to the feparation of the faccharine matter into 
two new compounds ; to the oxigenation of the 
one at the expenfe of the other, to form carbonic 
acid, a neceflary product of the vinous fermen- 
tation; and to the difoxigenation of the other 
in favour of the firft, in order to compofe with it 
the inflammable fubftance called alcohol; fe 
that, fayshe, if it were poflible to re-combine: 
thefe two produéls, the alcohol and the carbonic 
acid, in the fame proportions in which they re- 
fpectively formed the fugar that has fer mepted, 
the fugar would be SRAPAR fuch as it was 
previous to the fermentation. According to him, 
the hidrogen and the carbon do not exit} in the | 
oily ftate in the alcohol, but they are united with” 
a proportion of oxigen, which , being-maintained 
with them at a aie equilibrium ‘of compofi- 
tion, conftitutes a new fpecies of oxide ftill very 
inflammable, and which, when decompofed by 
paffing it, as I have already indicated, through 
a red-hot porcelain tube, again forms water and 
carbonic acid, and depofits a portion of carbon. 
101. Thus the alcohol, which is fugar—a 
notable quantity of carbon and of oxigen 4 
an equally notable quant, of hidrogen, to the 
| exact 
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exact knowledge of which nothing more is want- 
ing than that of its primitive principles ;—this 
_ alcohol, which 1s fugar, de-carbonated and dif- 
oxigenated or hidrogenated fugar, comports it- 
felf exaétly as fuch in all the experiments to 
which it is fubjeéted. It is much more light 
and volatile than fugar on account of its pro- 
portion of hidrogen; it burns’ without fumes 
aud without foot; it affords a large quantity 
of water in its combuftion. It is alfo evi- 
dent, that when we confider the mechanifm of 
the vinous fermentation in the comparative pro- 
perties of its produits, we may regard it as two 
operations performed at the fame time, as a flow 
and fucceffive combuftion of the carbon, and a 
decombuftion of the other part of the fugar, 
which then becomes more combuftible, and 
forms the alcohol. | 

~ 102. Accordingly, Lavoifier has terminated 
thefe fine inquiries upon fermentation, by re- 
marking that this operation prefents a new 
means of analyzing fugar; that fuppofing a ve- 
getable matter fubjected to fermentation to be 
well known, we may confider it with refpeét 
to the produéts which ‘it affords, as a real al- 
gebraic equation, and that each of the produéts 
that compofe it may give a real value, which. 
enables us to reétify the experiment by the 
calculation, and the calculation by the ex- 
periment. .. It is thus, as an important means of 
analyfis, that I have reprefented the ftudy of 
the vegetable fermentations; and it muft here 
Se appear, 
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appear, that in order to become perfeétly ac- 
quainted with the vinous fermentation and its 
produéis, to arrive by this knowledge at that of 
its real mechanifm, nothing more is necéflary 
than to find the exact relation of the propor- 
tions between the principles which combine 
with each other; and this is what may be hoped 
. froin further chemical refearches, purfued with 
the fame fpirit, and with the fame apparatufes 
which Lavoifier has already fo ufefully | em- 
ployed. 

The general refult of what is already saat 
concerning the vinous fermentation is, that’ the 
original intention of nature in giving rife to it, 
has been to reduce the vegetable compound to 
a more fimple order of compofition, fince one 
of the produéts of this movement is already a 
binary compound, namely, the carbonic acid. 
We thall acquire a feries of irrefragable proofs of 
this leading truth in the examination of the 
‘other fucceflive fermentations on which I fhall 
treat in the fubfequent articles. - 


ARTICLE V. 


of u the acid Fermentation and of its Produûs, 
or of the acetous Acid. 


1. THE acid fermentation was confidered as 
the fecond degree of general fermentation by 
Boerhaave, fince it is in faét by an inteftine 

movement 
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movement of which wine is fufceptible, that 
the acetous acid is fabricated; but feveral ve- 
getable fubftances that are dat vinous may 
form this acid, and it is not an indifpenfable | 
condition of its exiftence that it fhall have been 
preceded by the vinous fermentation. In order 
to place whatever belongs to the hiftory of this 
fermentation in a more perfpicuous light, I 
fhall divide this article into fix paragraphs. The | 
firft thall treat of the conditions and the phe- 
phenomena of the acetous fermentation; the 
fecond, of feveral other means of obtaining ace- 
tous acid, different from that of fermentation, or 
of what I callin general acetification ; . the third, 
of the phyfical properties of vinegar, and of the 
acetous acid; the fourth, of its chemical pro- 
perties; the fifth, of the different fpecies or 
modifications of the acetous acid, and efpecially 
of that which is called acetic acid ; laftly, the 
fixth and concluding paragraph fhall defcribe the 
ufes for which vinegar, the acetous acid, and the 
acetic acid are employed. 


SECTION I, 


Of the Conditions, and of the Phenomena of 
the Vinous Fermentation. — : 


2. THOUGH many vegetable fubftances, ef- 
pecially the leaves immerfed in water, farinas 
diluted with it, and the mucilages prepared from 

them 
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them with hot water, are capable of experi- 
encing a {pontaneous inteftine motion which 
-gonverts them into acid, it is more particularly 


| “upon wine that this kind of fermentation is 


praétifed, and has been well obferved. There 
are thrée-cenditions effential to a vinous liquor, 
in order that it may pafs into the acetous fer- 
mentation. In the firft place, it muft be ex- 
pofed to a temperature from twenty to twenty- 
five degrees of Reaumur’s thermometer. It is 
known that wines depofited in vaults, the tem- 
perature of which is pretty conftantly at ten 
degrees, remain without alteration. Secondly, it 
is neceffary that they fhould contain a certain 
quantity of mucilage and of tartar. On this 
account the wines ought not to be fined with ifin- 
glafs till the moment of bottling them. They are 
made to ferment much more quickly, efpecially 
thofe which are very generous, and yield 
much alcohol in diftillation, by adding any 
kind of mucilage to them; fugar even in fmall — 
proportion, but efpecially melafies, ferve alfo 
‘as a ferment, Thirdly, ‘it is neceffary that the 
wines fhould enjoy the contact of the air; the 
more this contact is multiplied, the more quickly 
does the acetous fermentation efiablith itfelf; a 
fmall quantity of wine remaining at the bottom 
of abottle paffes quickly into the ftate of vine- 
gar, on account of the large volume of air 
which touches it in every part; and Rozier has 
found that a bladder filled with air attached to 
the bung-hole of a cafk of wine that was turn- 

Ing 
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ing four, was emptied. by the abforption. of the 
air which it contained, ,4.: sone: , 

3: All wines are. He of. ae 
se acetous fermentation ;, but though, thofe of 
inferior quality are more particularly allotted to 
this purpofe, . the experiments. of. .Becher, fince 
repeated by .Cartheufer,.. prove thatythe ftrong. 
wines, which yield muchalcohol by diftillation, 
afford the beft vinegar.. Thus. the wines: of. the 
country about D that. are. of. good qua- 
lity and lufficiently generous, afford.a vinegar 
which is in high eftimation; in. this. manner 
alfo the quality of the vinegar. prepared with 
weak. wines is improved, by -adding a. little 
| brandy to them previous .to their, fer mentation. 
For the reft, though the chemifts have long con- 
fidered vinegar. on this account as a Ipirituous 
acid, we fhall fee hereafter that this property is 
relative only. to the fmell and tafte of the vi- 
negar employed in the ordinary ufes of life, but 
by no means to its proper acid, nature, which 
is independent of the prefence, or the direat 
proportion of the alcohol that may, be, united 
With ite ail dy 

A, Whilft the wine undergoes he acetans fer 
mentation, a very fenfible ebullition and hifing 
are perceived in the liquor ; 1t. becomes, heated 
and. turbid; it prefents many. filaments and 
bubbles, which traverfe it in all direétions ; it 
exhales alively acid-fmell, without difengagi ing 
carbonic acid, as is the cafe in the vinous fer- 
mentation. Gaasnally thefe phenomena abate, 


the 
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the heat diminiflics, the commotion fubfides, 
the liquorbecomes clear, after having depofited 
afediment in reddifh glutinous flakes, which at- 
tach themfelves to'the fides of the veffels. The 
wine is afterwards difpofed to undergo, provided 
all: the ‘circumftances favour it, a new and laft 
fermentation which would ‘change its nature, 
and -intirely decompofe it; ‘and it ought not to 
be forgotten that fuch a diqpontten kaallé ex 
_ifts, and that precautions muft be taken againft 

the procefs’ of ‘decompofition VF? we “with to 
preferveltiy Sb suit MAMAN TOUR 
© 5. According to the conditions and the phe- 
nomena that have been indicated, itis not dif- 
ficult to convert wine into vinegar; time alone 
effedts this change in 1ll-clofed veffels that are 
expofed in_ places fufficiently warm. Thus, 
in many families, a barrel filled with wine al- 
ready tending to acefcence is placed’ in a 
lower room kept’ conftantly at the temperature 
favourable to acetification. When it has in- 
tirely turned four, in fifteen or twenty days, 
a {mall quantity is drawn off for domeftic pur- 
pofes, by means of a cock placed towards the 
bottom, and the barrel is fimply filled up with an 
equal quantity of wine; by this means the wine 
that has been added paffes fpeedily into the 
ftate of vinegar, fo that this barrel, when once 
_ prepared ‘as Ihave faid, fuffices for the fupply 
of the whole eftablifhment without a new fa- 
brication: being required,’ fince it is only necef- 
fary to replace the vinegar that has been drawn 


off 


254 VINOUS FERMENTATION, 


off with an equal quantity of wine. We fee 
here that the vinegar already formed ferves as 
a ferment to the wine which is added. . When 
it is neceflary from any circumftance te recome 
mence the operation, and when it isrequired again 
to make a barrel of vinegar for the firft time, 
we throw into the wine that is put into the 
barrel that fkin, or kind of membrane, which is 
taken out of barrels that have contained vine- 
gar for a long time, and which is called mo- 
ther of vinegar. This is a mucous, concrete 
depofition, proceeding from the gradual de- 
compofition of the vinegar, and ferves as a 
ferment to give rife to the acid fermentation 
in the other wine. This faét is fo well known, 
that in neighbouring families this mother of 
winegar is borrowed in the fame manner as the 
leaven of bread. 

6. Boerhaave has given, in his Elements of 
Chemifiry, a very good procefs for making 
vinegar, which is {till practifed in many places.’ 
Two veffels are taken, in which is fixed at 
fome diftance from their bottom, an hurdle of 
ofier, upon which vine branches and ftalks are 
{pread out: wine is poured into them, fo as to fill 
the one completely, the other only half. The fer- 
mentation commences in the latter. When it is 
well eftablifhed, this veffel is filled from the wine 
contained inthe firft. By this means the fermen- 
‘tation abates, in the full veflel, and commences in 
that whichis halfempty, When it has arrived ata 
- confiderable degree, the latter veflel is again filled 

| with 
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with'the liquor of that which had fermented the 
firft ; fo that the fermentation, which follows the 
inverfe proportion of the maffes, recommences 
in this and abates in the other. The two veffels 
are thus alternately filled and emptied, till the vi- 
negar is entirely formed, which generally re- 
quires from twelve to fifteen days. 


eds ou LL 


Of other Proceffes by which acetous Acid is 
| obtained. 


7. The acetous acid differs from the product 
of the vinous fermentation in the circumftance 
that it may be formed without this fermenta- 
tion, that frequently it is the confequence of 
alterations, or of changes independent of the 
acid fermentation. The proceffes of the aceti- 
fication, or of the converfion of the infipid, 
faccharine, mucous, extractive vegetable mat- 
ters into real acetous acid, are very numerous; 
and. there have been obferved, efpecially for 
fifteen years paft, a multitude of different cir- 
cumftances in which thofe matters become aci- - 
dified without experiencing any thing really 
fimilar to a fermentation. 

8. Thefe infipid, or fapid, but not acid matters, 
become fo, and all become partly converted into 
the {tate of acetaus acid, by the fpontaneous ac- 
tion which the fulphuric acid exerts upon them. 
I have already feveyal times obferved, that the 

mere 
lé 
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mere tendency of the concentrated fulphurie | 
acid to faturate itfelf with water, is a very po- 
tent caufe of alteration which it caufes the ve- 
getable matters to undergo. This alteration con- 
fifts in three diftinét though fimultaneous-effeéts ; 
firft, a portion of the hidrogen of thefe mat- 
ters unites with a portion of oxigen alfo belong- 
ing to them, to form water which faturates the 
acid ; fecondly, carbon is feparated, which ren- 
ders the mixture brown and even black, and is 
foon precipitated to the bottom of the acid: at 
the fame time that a third portion of thefe matters 
pafies into the ftate of acetous acid, which re- 
mains confounded with the fulphuric acid, and 
may be feparated from it by diftillation; fo 
that there is no vegetable fubftance which, after 
having been treated in the cold by this powerful 
acid, does not yield more or lefs acetous acid, 
when afterwards fubjeéted to the aétion of the 

fire. | 
9. The nitric acid which, as I have elfewhere 
fhown, has a very active tendency to deftroy the 
vegetable compounds, forms in them always a 
{mall quantity of acetous acid, and at the fame 
time the mucous and oxalic acids, and per- 
haps even malic acid. It has been feen that 
alcohol itfelf is in part converted into acetous 
acid, when treated by the acid of nitre. The 
muriatic acid alfo effeéts a fimilar converfion 
when left for a long time with vegetable fub- 
ftances, though it is much lefs powerful than the 
fulphuric and nitric acid. But it is moft efpe- 
cially 
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cially the oxigenated muriatic acid which, not- 
withftanding its little folubility, when received 
in the ftate of gas into the vegetable liquids or 
the folutions of vegetable matters, has the pro- 
perty of converting part of them intoacetous acid. 
Thus when alcohol is treated with this agent it 
is converted much more into acetous acid than 
into ether, and it is on this account that the 
muriatic ether is always acid and little abun- 
dant. | 

10. It is not yet fo well proved as has been — 
thought, that moft of the other vegetable acids 
are fufceptible of pafiing into the ftate of ace- 
tous acid, and that this acid is the common 
term of their acidification. Though the tartarous 
acid appears actually to pafs into this ftate, as well 
as the malic acid, and though from the conftant 
prefence of the tartarous acidule in wine, it may 
be regarded as a ferment that promotes its acetifi- 
cation, and as furnifhing a fubftance which of 
itfelf becomes acetified, it feems that we cannot 
affirm the fame of the oxalic acid, the ftrongeft 
and the moft unalterable of the vegetable acids, 
which refifts all fpontaneous alteration, in the 
fame circumftances in which the tartarous acid 
and the tartrites are decompofed and deftroyed, 

11. We have juft feen that acetous acid is 
formed in circumftances different from fermen- 
tation, and that its produétion does not necef- 
farily require the exiftence of an inteftine fer- 
mentative motion; there is alfoan acetous fer- 
mentation, whereby acetous-acid is produced, 

Vox. VIII. S without 
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without its having been preceded by the vinous 
fermentation, the previous exiftence of which 
was admitted after Boerhaave as indifpenfible ; 
fo that the name of vinegar ought now to be ap- 
plied only to the wine itfelf become acid or 
four, and that of acetous acid, which muft pre- 
fent a more general idea than the word vinegar, | 
fubftituted inftead of it. Almoft all vegetables 
are fufceptible of pañling actually into the 
acid or acetous fermentation, of yielding. real 
acetous acid, without having previoufly under- 
gone the vinous fermentation, without: hav- 
ing firft formed wine. This is what happens 
with leaves and roots, with cabbage that has 
turned four in water, with four crout, which 
has been fo improperly called in French chour 
croute; ftarch or flour {teeped in water, and 
forming the four water of the fiarch-makers; 
dough itfelf, which, when it is fuffered to rife 
a little too ftrongly, becomes four, and gives a 
very perceptible tafte to the bread that is pro- 
duced from it. 
12. It was formerly believed that, even: in 
the cafes which I have juft mentioned, an in- 
fenfible vinous fermentation firft took place, 
and that all the vegetable fubftances that turned 
four commenced with being in a vinous ftate ; 
but we here manifeftly difcern the influence of 
a prejudice which, after the theory of Boer- 
haave, forced nature, as it were, to adapt refelf 
to the ideas that had been formed. We can- 
not admit a vinous fermentation, of which we — 
have no proof and no indication, in the fap of 
| the 
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trees at the moment when it has juft been 
extracted, in extraéts rapidly prepared, all of 
which contain acetous acid. The human urine 
and that of the animals affuredly do not ex- 
perience a vinous fermentation, and yet they 
eafily yield this fame acid by an inteftine change 
of their own matter: we may therefore con- 
clude that there exifts an acetous fermentation 
independent of the vinous, that it is not its 
neceflary confequence, and a formation of ace- 
_tous acid in matters which are not in the vi- 
nous ftate. 


SECTION Il. 
Of the Properties of Vinegar, 
13. VINEGAR, or that impure kind of ace- 


tous acid, which is moft conftantly prepared and 
ufed, and which is made by the acetous fer- 
mentation of wine, is a reddifh or yellowifh 
liquor, called white wine vinegar, when of. 
the latter colour, of a four, pungent. tafte, 
which is pretty ftrong and agreeable, of a 
flightly aromatic fmell, and retaining a portion 
of the alcohol of the wine not decompofed. 
It weighs from 10,135 ta 10,251 ; “water being 
10,000. It varies much in its properties, ac 
cordingly as it is obtained from a wine more 
or lefs fpirituous, coloured, ftrong, and gene- 
rous, or weak and of bad halte. I do not 


here even {peak of that to which fulphuric or 
ie MS |... mit 
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nitric acid has been added, in order to give 
it more acidity. 

14... This common liquor sr hefides the 
acetous acid, properly fo called, a certain quan- 
tity of tartar, which it does not depofit as wine 
does, a colouring extractive matter, fometimes 
even a little mucilage, and frequently a portion 
of the malic and citric acids. We likewife find in 
it fulphate of pot-afh, and even a little fulphate 
of lime. It may be fuppofed, however, that all 
thefe properties vary according to the nature of 
the wine from which it is obtained, and that 
_ therefore no two quantities of vinegar are per- — 
feétly alike. Accordingly the combinations of 
this acid are not what are ufually examined by 
chemifis. — 

15. Vinegar contains or nourifhes a {pecies 
of HHA te animals, which have been very — 
improperly ter med eels, and are of the kind 
called animaicules of infufion. Modern natu- 
ralifts have given this fpecies the name of vibrio 
aceti. It Zhan a much more confiderable: 
quantity of them when it begins to change, and 
it is very fufceptible of ARORTHON We fee it 
become turbid, much flocculent fediment fub- 
fides in it, it acquires a mouldy fmell, and even 
forms a mucous and glutinous mafs, refembling _ 
what is called mother of vinegar. It is well 
known that it undergoes ie decompofition 
much more fpeedily His it is left upon its 
lees, for which reafon it is racked off immedi- 
ately after it is made, It appears, that tartar is 

2 one- 
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one of the fubftances contained in vinegar,’ 
which contributes moft to its fpontaneous alter- 
ation; for the phenomena that take place in 

this decompofition are the fame as thofe in a 
{olution of tartar. 

16. When vinegar is extpoted to froft, theré 
is only a portion of it freezes: : the frozen part 
is little more than water, and the part not fro- 
zen is ftrong vinegar. If this congelation be 
repeated, gradually increafing the intenfity of 
the cold each time, very little unfrozen vinegar 
will be obtained : this is very itrong, lefs co: 
loured, lefs liable to change, aud much more 
eafy to keep: it is called vinegar concentrated 
by froft. This is one mode of keeping it ; but 
it is very expenfive, becaufe little is left that 
does not freeze. Scheele has difcovered a much 
better procefs for rendering it capable of being 
kept: this confifts in boiling it for a few mi- 
nutes. After this operation, vinegar is much 
lefs liable to alter, and may be kept even in 

open vefiels without fpoiling : it is evidently — 
very fimple, and very applicable to domeftic | 
purpofes- 

17. The action of fire on vinegar is employed 
to obtain pure acetous acid. For this purpofe it 
is diftilled in a ftone cucurbit with a glafs head, 
or in a glafs retort placed in a fand-heat, with a 
receiver adapted toit. It muft be heated flowly, 
and only fo as to make the vinegar boil gently 

~ At firft a liquor of a quick, fragrant, aromatic 
fmell, paffes over, the firft portion of which is 
alcohol 
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alcohol mixed with a little acetous acid. To 
this foon fucceeds a very pale acid liquor, of a 
_ftrong acid fmell, which is the acétous acid, or 
diftilled vinegar. As the diftillation proceeds, 
the more acid it becomes, having lefs {mell 
with more acidity: all thefe products may be 
obtained feparately, by changing the receiver 
at each; but this is feldom Fights When the 
operator has drawn off about two-thirds of the 
liquor he expofed to diftillation, he puts an end 
to the procefs: if more be drawn off, it will 
have an empyreumatic fmell. After this pro- 
duct is obtained, what remains of the vinegar 
is a thick liquor, of a deep and dirty red co- 
lour ; it depofits a certain quantity of acidulous 
ane of pot-afh ; it is ftill very four: it con- 
tains therefore acids more fixed than the ace- 
tous, which occafions the acrid and empyreu- 
matic fmell arifing from burned vinegar. This 
extract, diftilled in a retort, yields fome colour- 
ed acid water, brown oil, and a little ammonia, 
leaving behind a coal which contains a great 


quantity of pot-afh. 


SECTION IV. 2 
Of the Chemical Properties of Acetous Acid. 


18. I HAVE afferted, that chemifts did not 
examine the properties of vinegar in its common 
fiate; that, to difcover the character of the 

acetous 
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acetous acid, they make ufe of that which they | 
have extraéted from vinegar by diftillation: 
accordingly the combinations I am proceeding 
to examine, are thofe of this pure acid. The 
acetous acid in this ftate, poffefling perfeét tranf- 
parency, of a fufficiently agreeable fmell, of a 
pungent four tafte, of a fpecific gravity fenfibly 
lefs than that of vinegar, fince it reaches only 
10,005, reddening blue vegetable colours, if 
expofed alone to heat is volatilized, and evapo- 
rated intirely. It is more volatile than decom- 
pofable: it keeps: without alteration in clofe 
veffels: it does not aét on hidrogen, carbon, 
phofphorus, nor fulphur: it unites with water in 
any proportion, We are not yet well acquaint- 
ed with the manner in which it is affeéted by 


_ the powerful acids, though we know that con- 


centrated fulphuric acid, carbon, and _ nitric 
acid, decompofe it into carbonic acid and water. 
It weakly diffolves boracic acid, and abforbs 
carbonic acid. 

-19. The acetous acid unites with all the earthy 


and alkaline bafes, and the falts’ it forms are 


characterized by their great folubility, their de- 
compofition by fire which converts them into 


_ coal, the fpontaneous alteration of their folu- 


tions, and their decompofition by a great num- 
ber of acids, which difengage from them the 
acetous acid in a very concentrated ftate. 

The following are the charaéteriftic properties 


of the principal fpecies of acetites hitherto ex- 


amined, 
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amined. The order in which they are arranged, 
founded on the affinities of the acetous acid, is 
the fame with that obferved in a great number 
of foffil falts. : al 

A. The acetite of barites cryftallizes in needles; 
its tafte is bitter ; it efflorefces in the open air; 
it is very fouble; it is decompofable only by 
the alkaline carbonates, and not by the pure al- 
kalis or earths. It may be employed to detect 
the prefence and quantity of fulphuric acid in 
vinegar fophifticated by this addition. 

B. The acetite of pot-afh exifts in feveral ve- 
getable juices; it has been feen, that all the 
extracts contain it; Citizen Vauquelin has found 
it in dunghills, and in mould; it has been dif- 
covered in faps ; it is even feparated from the 
urine of fome quadrupeds, It is prepared for 
pharmaceutical purpofes; and was long called /o« 
liated earth of tartar, becaute it was obtained in 
a dry foliaceous and not cryftalline form.. The 
preparation of this falt, which is much ufed in 
phyfic, confifts in faturating carbonate of the - 
pot-afh with acetous acid added to it in excels, 
filtrating the liquor, evaporating it over a gentle 
fire in a porcelain or filver vefiel, finifhing the — 
evaporation to drynefs when the liquor 1s be- 
come thick, ona water-bath, or on hot afhes. 
By thefe means a white falt is obtained: but if 
the evaporations were conducted over a ftrong 
fire, the fait would become grey or brown, be- 
caufe a partof the vinegar would burn. | 
| The 
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~The acetite of pot-afh has a pungent acid 
tafte, becoming urinous and alkaline as it goes 
off. In the fire it melts, fwells, decompofes, 
-and burns to a coal. - Diftilled in a retort, it 
yields fome acid water, an empyreumatic oil, 
_a little ammonia, and much carbonated hidro- 
gen gas and carbonic acid gas. The coal 
which remains after. this diftillation contains 
pot-afh uncombined, and frequently it is in 
the pyrophoric ftate. 

The acetite-of pot-afh ftrongly attraés the 
moifture of the air: it is extremely foluble in 
water, and produces cold as it diffolves: its 
concentrated folution affords, though with dif- 
ficulty, regular prifmatic cryftals, but they are 
of very little permanence, on account of their 
deliquefcency. The fame folution, a little more 
diluted in water, is decompofed fpontaneoufly in 
clofe veffels : it depofits a thick flocculent mu- 
tcus, of a grey colour, and at laft black ; and 
a the end of a few months contains js car~ 
bonate of pot-afh, foiled with a little carbona- 
ceous oil. In this property it refembles tartrite 
ef pot-ath. 

The acetite of pot-ath is decompofable by the 
powerful acids.  Diftilled with concentrated 
fulphuric acid, it yields an extremely acrid ace- 
tous acid, which, on account.of its fmell, has 
even been confounded with the acetic acid, of 
which I fhall fpeak hereafter. The tartarous 
and oxalic acids likewife decompofe the acetite 
of pot-afb, and they are fironger than the ace- 

tous 
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tous acid. We {hall fee further on, that this falt 
précipitates feveral metallic folutions by. the 
help of the double affinities. - When it is diftilled 
with arfenious acid, or white oxide of arfenic, 
it yields a volatile, fuming product, of a hor- 
ribly fetid fmell, and which takes fire fpon- 
taneoufly in the open air, giving out a copious 
fmoke and a reddifh flame. 

, C. The acetite of foda has been very impro- 
perly named mineral foliated earth, fince this 
denomination ought not to have been given, 
even in the ancient nomenclature, to a very 
cryftallizable falt. It is prepared by faturating 
carbonate of foda with acetous acid. The fil- 
tered folution is evaporated to a flight pellicle, 
and on refrigeration it forms firiated priimatic 
cryfials, oe like thofe of fulphate of 
foda depofited rapidly. This falt is bitter, pun- 
gent, and mixed with a tafte at firft acid, 
afterward alkaline: It is decompofed in the fire, . 
like the preceding, and fpontaneoufly in its 
aqueous folution. It is not like it, deliquefcent: 
it leaves however a pyrophoric refiduum after | 
diftillation. It is decompofable by barites and, 
pot-afh. 

D. We are yet very little acquainted with 
the acetite of-ftrontian: we know only that 
this combination has a fweet tafte; that it is 
very foluble, and that it is eafily Me à 
by a ftrong heat. : 

E. The acetous-acid combines eafily and. 
readily with lime: it diffolves the carbonate of 

| 2 : « lime 
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lime with effervefcence: when it is faturated 
with it, and when the folution is evaporated to 
_a pellicle, it yields cryftals in very fine prifms, 
ina fort of fhining fatin-like needles. This falt 
is acid and bitter : it efllorefces in the air, like the 
acetite of barites: it is decompofed by this 
bafe, as well as by the two fixed alkalis. The — 
powerful acids expel the acetous from it with 
effervefcence, as from all the other acetites. It 
decompofes feveral falts by double affinity. The 
acetite of lime is frequently obtained in che- 
mical analyfis, on treating with acetous acid 
the refiduums of mineral waters, and different | 
earths or ftones divided by fufion with pot-ath. 
F. The acetous acid unites-readily with am- 
monia: this fluid combination, with excefs of 
acetous acid, forms the /pirit of mindererus 
prepared in the fhops. It is the ammoniacal 
acetite. .On evaporating it, to endeavour to 
obtain cryfials, it volatilizes intirely: hence 
fome chemifts have propofed to prepare it by | 
diftillation, It is thus that it is extraéted from 
dunghill waters, from fome fermented faps, 
_ and even from altered wines, Some have af- 
firmed, however, that they have obtained a few 
needled cryftals of it, of a warm pungent tafte, 
and very deliquefcent. This falt is decompofed 
by fire, by the acids, by the alkalis, and by fe- 
veral earthy bafes; it undergoes ER 
deftruction. 
G. The acetite of magnefiais very eafily pre- 
pared by the direct union of acetous acid with 
carbonate 
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carbonate of magnefia, which it diffolves with 
effervefcence. It eryftallizes but very diffi- 
cultly, and its folution yields when evaporated, 
a vifcous, deliquefcent mafs. By this property 
it 1s eafily feparated from the acetite of lime, 
with which it is frequently confounded in the 
dry form, in the produét of the evaporation 
of the earthy refiduums of mineral waters treated 
by acetous acid. This faline mafs, always fa- ~ 
tiny and fhining, attraéts moifture, and diffolves 
in the open air. As long as it contains any ace- 
tite of magnefia, this is gradually feparated as 
it liquefies; and when no farther deliquefcence 
takes place, the remainder is pure acetite of 
lime. | 

The acetite of magnefia, befdes the generic 
properties of the acetites, is decompofable by 
barites, the fixed alkalis, ftrontian, lime, and 
partly by ammonia. 

fT, The acetous acid diffolves glucine very 
well. This folution, according to Citizen Vau- 
quelin, does not cryftallize: it is reduced by 
evaporation to a gummy fubftance as it were, 
which flowly dries and becomes brittle, but — 
long retains a fort of duétility. Its tafte is 
faccharine, and pretty ftrongly aftringent ; yet 
it permits us to diftinguifh that of vinegar, 

TZ. This acid diffolves alumine very difficultly : 
it forms with it little needly cryftals, foft, fen- 
fibly aftringent, ‘and decompofable by all the 
preceding bales. We yet know little of the pro- 
perties of acetite of alumine, 
‘ K. It 
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K. Itis the fame with the acetite of zircon. 
* It has been very little examined hitherto: all 
that we know is, that this faline combination 
exifts; and that it is gelatinous, and decom- 
pofable by all the alkaline and earthy bafes with 
which we are acquainted. | 

20. The acetous acid aéts on a great number 
of metallic fubftances, and in its combination - 
with thefe exhibits phenomena more.or lefs im- 
portant for us to know, or compounds more or 
lefs ufeful. 

21. It has no aétion on arfenic, and does not 
diffolve the arfenious acid: yet this acid, being 
diftilled with an equal quantity of acetite of 
pot-afh, afforded Citizen Cadet and the che- 
mifts of the academy of Dijon, a red, fuming li- 
quor, of a very noifome {meil, very tenacious, 
and of a very fingular nature. Citizen Cadet 
had already obferved, that this liquor was cap- 
able of inflaming fat lute. The academicians 
of Dijon, defirous of examining the yellowifh 
matter of an oily confiftence, colleéted at the 
bottom of the veffel that contained the fuming 
arfenico-acetous liquor, decanted a portion of 
. the fupernatant fluid, and poured the reft on a 
paper filtre. Scarcely had a few drops pafled 
through, when on a fudden arofe a very denfe 
noifome vapour, which formed a column from 
the vefiel to the cieling ; a kind of ebullition 
took place about the edges of the matter, and 
a fine rofe-coloured flame iffued from it, which 
continued a few inftants, This liquor, which the 

| chemitts - 
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chemifts of Dijon compared toa liquid phofpho- 
rus, is a fort of pyrophorus like thofe which will 
be mentioned hereafter. The refiduum of the 
diftillation of the acetite of pot-afh with arfe- 
nious acid confifts of pot-ath chiefly. 

22. The acetous acid diffolves cobalt in the 
fiate of oxide, and forms a folution of a pale 
rofe colour, which yields no cryftals, but the 
properties of which are not known. 

23. It has no aétion on bifmuth, or on its 
oxide, but it diffolves the oxide of manganefe. 
We know nothing of its action on titanium, — 
uranium, tuneften, molybdena, or chrome. 

24. According to Arwidfon, it diffolves nickel 
directly : this folution affords green cryftals, in 
figure refembling a fpatula. 

25. This acid does not aé& on antimony; but 
it appears to diflolve the vitreous oxide of this 
metal, fmce Angelus Sala made an emetic pre- 
paration with thefe two fubftances. 

Its action on tellurium is unknown. 

26. Zinc, as well as its oxide, diffolves very 
readily in acetous acid. Citizen Monnet has ob- 
tained cryftals in flat laminæ from this folution 
by evaporating it. The acetite of zinc ful- 
minates on burning coals, and gives a fmall 
blueifh flame after melting and fwelling up. 
By diftillation it yields an inflammable liquor, ‘a 
yellowith oily fluid, which foon becomes of a 
deep green, and a white fublimate, which burns 
in the flame of a candle with a fine blue colour. 
The refiduum is in the ftate of a pyrophorus but 

| _ hittle 
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little combuftible. Hence we fee vinegar muft 
‘diffolve the kind of tinning made with zinc. Dr. 
Laplanche has proved, that the acetite of zinc 
is not dangerous to the animal economy. 

27. Acetous acid does not diffolve quickfilver | 
in the metallic ftate. This combination how- 
ever is effected by agitating it ftrongly by means 
of whifks or agitators, as Keyfer did. In this 
operation the quickfilver is firft converted into 
black oxide, and afterward diffolved in the acid. 

_Quickfilver in the ftate of oxide is eafily united 
with the acetous acid. Jt is fufficient to boil 
this acid on the red oxide of mercury, called 
precipitate per fe, or turbith mineral, or on mer- 
cury precipitated from its nitric folution by pot- 
ath. The liquor becomes white, and grows clear 
when it boils; it is then to be filtered: on re- 
frigeration filvery cryftals are precipitated from 
it in little {pangles, or in ftriated laminæ fimilar to 
the boracicacid. This acetite of quickfilver has 
been called foliated earth of mercury. It is 
prepared extemporaneoufly by pouring a nitric 
folution of quickfilver into a folution of acetite 
of pot-afh: the nitric acid unites with the fixed 
alkali of the latter falt, forming with it nitre, 
which remains diffolved in the liquor; and the 
oxide of mercury, combined with the acid of 
Vinegar, precipitates at firft in a yellowith white 
powder, and afterwards in the form of fhining 
fpangles, particularly if the liquor be evaporated. 
The mixture being filtered; the acetite of mer- 
cury remains on the filter. This fait is decom- 
| pofed 


072 PROPERTIES OF ACETOUS ACID. 


pofed by the aétion of fire: its refiduum yields 
a fort of pyrophorus. It is eafily altered by com- 
buftible vapours ; is actid, and is not very fafe 
as a medicine. | RSS 

28. Tin is little altered by the acetous acid. 
This acid diffolves but a fmall quantity of It, 
and the folution, when evaporated, yields ac-: 
cording to Citizen Monnet a yellowifh cruft, 

fimilar to a gum, and of a fetid fmell. 

29. Lead is one of the metals. on which the 
acetous acid has moft action... This acid oxides 
it, and diffolves its oxides with the greateft fa- 
cility. On expofing iheets of this metal to the 
vapour of warm vinegar, they become covered 
with a white powder, called cerufe, which is 

nothing but an oxide of lead containing a little 
vinegar. This oxide, ground with a third part 
of chalk, forms white lead. To faturate vinegar 
with all the oxide of lead it can diffolve, this 
acid is poured on cerufe in a matrafs: the mix- 
ture is digefted in a fand-heat: the liquor is fil- 
tered, after it has ftood in digeftion fome hours: 
it is then evaporated to a pellicle: and it fur- 
nifhes, by refrigeration and repofe, white cry ftals, 
which are fhapelefs needles, if the liquor were 
too much concentrated, and flattened paralle- 
lopipeds, terminated by two bevilled furfaces, 
if the evaporation were properly conduéted. This 
acetite of lead has been called /falt or fugar of 
faturn on account of its faccharine tafte, which 
is at the fame time flightly ftyptic. 

| A fimilar 
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A fimilar falt is prepared with the vitreous 
oxide of lead, or litharge, and vinegar. Equal 
parts of thefe two fubftances are boiled together 
to faturation; evaporated to the confiftence of 
a thin fyrup; and we have then Goulard’s ev- 
tract of faturn, known long before his time by 
the name of vinegar of faturn. 

The acetite of lead is decompofed by heat: on 
difullationit affords an acid, red, very fetid liquor, 
differing greatly from the acetie acid, which will 
be mentioned prefently. The refiduum of the 
diftillation is a Very good pyrophorus. This falt 
is decompofed by diftilled water, by lime, the 
alkalis, and the acids with fimple radicals, as 
well as by feveral vegetables, which yield with it 
infoluble falts; and mixed with a little brandy 
it forms the vegeto-mineral water. 

30. The acetous acid diffolves iron with ac- 
tivity. The effervefcence that takes place in 
this folution is owing to the difengagement of 
hidrogen gas furnifhed by the water, which is 
decompofed. The liquor affumes a red or brown 
colour. By evaporation it yields only a gelati- 
nous magma, mixed with fome brown elongated 
cryftals.. The acetite of iron has a ftyptic and 
fweetifh tafte : it is decompofed by heat, and lets 
its acid efcape: it attracts the moifture of the air: 
it is decompofed in a large quantity of difulled 
water. When it is heated till it yields no more 
fmell of vinegar, it leaves a yellowifh oxide, ea- 
fily reducible, and attraéted by the magnet. The 
acetous folution of iron yields a very black ink 
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with galls, and may be employed with fuccefs ñx 
dyeing : alkaline pruffiates precipitate from it a 
very brilliant Pruffian blue: pure alkalis, in par- 
ticular ammonia, feparate the iron from it in 
the fiate of an oxide almoft black, and this pre- 
cipitation has been propofed for preparing the 
martial ethiops. The black, yellow, and brown 
oxides of iron, and the native carbonate of 
iron, or {parry iron ore, afford very fine red fo- 
lutions with acetous acid. | 
31, Copper is oxided and diffolved with great 
facility in the acetous acid. The folution of 
this metal, affifted by heat, gradually affumes a 
green colour: but this is more eafily produced 
with the metal already altered and oxided by 
vinegar. Copper thus oxided, is the verdet gris, 
or verdigris. It is prepared in the neighbour- 
hood of Montpelier by putting fheets of thin 
metal into earthen pots with grape ftalks, which 
had been previoufly wetted and fet to ferment. 
with the refiduum left after diftilling brandy 
from wine. ‘The furface of thefe fheets is foon 
covered with a green ruft, whichis increafed by 
placing them in heaps, and fprinkling them with. 
‘vinegar: the copper is then fcraped, and the 
verdigris is packed up in {kin bags as an ar- 
ticle of trade. “Montet, an apothecary at Mont- 
pelier, has very well defcribed this-manufa¢ture 
in two Memoirs printed among thofe of the 
Academy of Sciences in 1750 and 1753. 

~ Citizen Chaptal has made known to the In- 
fitute the improved procefles at prefent em- 
ployed 
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that the acetite of copper was formerly prepared 
with dried grape-ftalks, which were foaked for 
‘a week in the liquor left after diftilling brandy 
from wine, and afterward fet to drain in a bafket: 
thefe were put into an earthen pot, called an 
oule, and four litres of wine were poured in, 
with which the ftalks were well impregnated by 
firring and fqueezing them with the hand in the 
toutes as foon as the fermentation and heat 
fubfided, the ftalks were taken out, and laid in 
layers with the fheets of copper. 

At prefent we take the grapes from which the 
juice has been pretied ; put them into a cafk, 
raifing them up and giving them air; fet them 
to ferment; and place plan iis heats of copper, 
ftratum fuper ftratum, in earthen pots or oules 
made for this purpofe. In ten or fifteen days 
the copper fheets will be covered with little filky 
cryfials ; and then they are placed edgewife on 
rods arranged for the purpofe in a corner of the 
manufactory. After remaining thus three or 
- four days, they are dipped in water, and replaced 
on the rods. This immerfion and defficcation are 
repeated once a week for near two months: and 
then the coat of verdigris, that covers both 
fides of each fheet of copper, is fcraped off with 
a wooden knife. It is obvious, that this latter 
procefs which is generally adopted, has every 
advantage: inftead of confuming a large quan- 
tity of wine like the former, it requires only a 

product of no value, | 
T2 Verdigris 
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Verdigris diffolves fpeedily in acetous acid. 
This folution, which isof a fine greenifh-blue 
colour,  furnifhes by evaporation and refrige- 
ration deep blue céryftals in truncated quad- 
rangular pyramids, to which have been given 
the name of werdet, or cryfials of Venus. Thofe 
that are prepared as an article of trade, and 
called diftilled verdigris, becaufe they are made 
with diftilled, vinegar, are in the form of a 
beautiful pyfamid : the cryftals arranging them- 
felves in this manner, becaufe they are depofited 
on a ftick cleft in four at one end, and:the parts 
kept feparate by a bit of cork. Citizen Chaptal 
recommends it to be prepared by mixing a fol- 
tion of fulphate of copper with a folution of ace- 
tite of lead; when a fulphate of lead would be 
precipitated, which might be ufed for white 
lead, and the fupernatant liquor would contain 
acetite of copper, which might be obtained by 
evaporation. 

This falt has a ftrong tafte, and is very poi- 
fonous. It ts eflorefcent, very foluble, and de- 
compotable by all the alkalis. Expofed to the 
fire, and by difullation, it gives out its acid in 
a peculiar ftate, which will be mentioned farther 
on. 

32. The acetous acid diffolves oxide of filver, 
of wold, and of platina, particularly by the af- 
fiftance of heat. Thefe acrid and cauftic folu- 
tions are decompofed by fire, by alkalis, by the 


hidro-fulphurets, and hidrogenized fulphurets. 


Bergman has remarked, that this acetous folution 


of 


my 
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of gold produces fulminating gold with ammo- 
nia. For the reft, this acid has no aétion on 
thefe three metals, the leaft oxidable of any 
known, whatever the alchemifts have faid. 

33. Vinegar is capable of uniting with many 
of the Le materials of FPE ee At 
diffolves the extracts, mucilages, and effential 
falts : it even acts a little on the gum-refins and 
oils: itis eafily united with the extractive and 
colouring matters of vegetables, fo as to acquire 
their tafte, fmell, and medicinal or agreeable 
properties. On this is founded the art of mak- 
-ing medicinal vinegars, vinegars for the table 
and the toilet, and aromatic vinegars, by 
fimple infufion or diftillation: the pretence 
formerly held out of fabricating very impor- 
tant medicinal vinegars by fermenting medie 
cinal herbs with wine has long been exploded as 
an error. 

Vinegar likewife diffolves very ‘readily: the 
gluten of whcaten flour; and we may Winsome 
this fubftance, with its elatiiving and character 
fic properties, from this folution, even after 
it has been kept feveral: years, by means of 
alkalis, 


* r 
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SECTION V. 


Of the different Modifications or Species of 
Acids afforded by Vinegar. 


34. IT has been feen by the detail of the pro- 
perties hitherto defcribed, that the acid of vinegar 
is liable to be found in certain peculiar modifica- 
tions, and that it might be diftinguifhed in each 
of thefe, if not as afeparatefpecies, yet as a variety 
deferving a fpecial and determinate denomina- 
tion. me to the word vinegar we add thofe of 
concentrated by froft, to diftinguifh that which 
has been deprived of part of its water by congela- 
tion ; and the word boiled, to indicate that con- 
ration effect, which a few minutes of ebul- 
lition produce in it. Thus alfo the expreffion 
of acetous acid, fynonimous with that of diftilled 
winegar, diftinguifhes and fufficiently charac- 
terizes its nature, fo as to leave no room for. 
miftake refpeéting them. | : 

35. No doubt freth obfer vations, made with 
much care, will hereafter lead us to confider as 
a particular variety of this acid that which is 
obtained by the diftillation of earthy or alkaline 
acetites, and that which is expelled by heat from 
the acetite of lead. But ofall the modifications 
of this acid, that which has been hither to moft 


carefully diftinguifhed, moft ftudied, and has in 
fact 
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faét exhibited to the obferver the moft ftriking 
and remarkable differences, is the produét of © 
the decompofition of the cryftallized acetite of 
copper by means of heat. 

56. When this falt reduced to powder is diftil- 
led in a glafs of earthen retort with a receiver, 
a fluid is obtained, at firft clear and of little 
acidity, but which foon acquires a confiderable 
degree, infomuch that it feems to equal the con- 
centration of the mineral acids. ‘The receiver 
is changed, in order to have thefe two products 
feparate; the latter of which has been called ra- 
dical vinegar, or vinegar of Venus. This acid 
is coloured green by a certain quantity of oxide 
of copper, which it carries over with it in diftil- 
lation. When nothing more comes over, and 
the retort is red-hot, the refiduum this contains 
is in the form of a brown copper coloured pow- 
der, and often gives to the fides of the veffet 
the fhining appearance of this metal. The re- 
fiduum is ftrongly pyrophoric: it contains but 
little oxide, with a little charcoal. 

The vinegar of Venus is rectified by diftilla- 
tion with a gentle heat. It is then perfectly 
pale and clear, if we take care that the fire be 
not too ftrong toward the end of the operation, 
and that the portion of oxide of copper, which 
remains in the retort, be not too much dried. 

87. The reduction of the copper, obferved in 
this experiment, elucidates the nature of the radi- 
cal vinegar. It was formerly obferved, that this 
acid is to common vinegar what the oxigenated 
muriatic 
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muriatic acid is to the pure muriatic,.or rather 
what the fulphuric acid is to the fulphureous, and 
the nitric acid to the nitrous. In this operation, 
the acetous acid appeared to unite with the oxigen 
of the oxide of copper, which at the fame time 
pañled to the metallic ftate. The effeéts produced 
by radical vinegar, differing confiderably from 
thofe of common vinegar, feemed therefore 
owing to the excefs of oxigen, which this acid 
had acquired. Such was the theory adopted by 
Citizen Berthollet: and it was on this account 
that the acid was called acetic, conformably to 
the rules of nomenclature fo often exhibited in 
this work. 

But Citizen Peres, a drugoift, firft began pub- 
licly to exprefs doubts refpecting the compound 
nature of this acid ; and to affirm, both from. 
feveral facts already known but more accurately 
compared by him, and from fome experiments of 
his own, that the only difference exifting be. 
tween this acid and the acetous might very 
well be afcribed to the proportion of carbon 
being lefs in the former, and greater in the 
latter. 

At the end of the year 6, Citizen Adet read 
at the Inftitute a Memoir on the difference of 
thefe two acids, in which he defcribed feveral 
new experiments on the diftillation and produéts 
of acetite of copper, on the treatment of the 
acetous acid by oxide of manganefe, and on the 
combinations of the acetic acid compared with 
thofe of the acetous. After having fhown, that 
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water and carbonic acid are formed, and that 
carbon is left bare, during the diftillation of 
acetite of copper; that the acetous acid diftilled 
upon oxide of manganefe never becomes oxigen- 
ated ; that the acetic acid united with metallic 
oxides does not comport itfelf differently from 
the acetous acid ; that the acetic acid does not 
attack metals any more than the acetous ; and 
that the falts formed by the two acids with earthy 
and alkaline bafes exhibit but very flight dif. 
ferences; he thought himfelf warranted to con- 
clude from his labours: 1ft, that the acid of 
vinegar abforbs no oxigen in its combination 
with oxide of copper, and does not exhibit itfelf 
in two different ftates: 2dly, that it is always in 
the higheft degree of oxigenation, and always 
in the fiate of acetic acid, even in that of diftilled 
vinegar, hitherto called acetous acid: Sdly, that 
no acetous acid properly fo called exifts, unlefs 
we think fit to give this name to the tartarous 
and malic acids, which become acetic acid by 
the addition of oxigen: 4thly, that there exift 
no acetites, but only acetates: Sthly, and laftly, 
that the difference between what have hitherto 
been called acetous acid and acetic acid appear 
to him to depend folely on the concentrated ftate : 
of the former, and its containing a much fmaller 
quantity of water than the latter. 

58. But this conclufion of Citizen Adet appears 
in truth a little forced, and not reftricted with the 
precifion exprefied in the experiments preceding 
it. In fact, we cannot avoid perceiving differ- 

ences 
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ences between the two acids announced in the 
experiments of Citizen Adet himfelf, particularly 
in their combinations: differences of which this 
chemift profeffes that he fhall endeavour to in- 
veftigate the caufe. 

Laftly, Citizen Chaptal has employed himfelf 
on this fubjeét; and about a month after the 
publication of Citizen Adet’s labours; he com- 
municated to the philomathic fociety fome ob- 
fervations and experiments, whence he con- 
ceived himfelf juftified in drawing inferences 
fomewhat different from thofe of Citizen Adet. 
The acetous and acetic acids, previoufly re- 
duced to the fame degree of fpecific gravity and 
concentration by means of water, prefented 
a great difference in fmell and tafte: the 
acetic, which was much more acrid, formed a 
aell cryftallized fa with oxide of copper; the 
acetous became fcarcely tinged, of a bluifh-green, 
and afforded only a faline cruft: the acetous 
required one fixth lets of pot-afh to faturate it 
than the acetic. On diftilling each with a 
fourth of its weight of fulphuric acid, the mix- 
ture of acetous acid became coloured of a deep 
red, that of acetic of a ftraw-colour: the acetous, 
leaving chareoal in the retort, came nearer to 
the acetic: the acetite and acetate of pot-ath 
being both evaporated to drynefs, and alike 
diftilled by a fire, graduated fo as to decompofe 
them completely, the former left a thirteenth of 
its weight, the latter a feventeenth. On diftilling 
the acetite of copper, aportion of the carbon of 

| the 
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the acetous acid attacks the oxigen of the oxide 
of copper, and flies off in carbonic acid ; another 
remains in its natural ftate with the copper: 
thus the acetous acid paffes to the acetic ftate 
by lofing a part of its carbon, which the acids 
or metallic oxides feparate from it. 

Citizen Chaptal concludes from thefe experi 
ments, that the acetous and acetic acids really 
differ from each other, in the former contain- 
ing more carbon than the latter; that the acetous 
acid becomes acetic only by parting with carbon3. 
and that the modification depends only on the 
fubtraétion of carbon, or diminution of the ra- 
dical, not on the addition of oxigen, or the aug- 
mentation of the acidifier, as takes place in acids 
with fimple radicals. 3 

In fact it is to be remarked here, that the bi- 
nary hidro-carbonated radical of this acid muft 
undergo a change, when the proportion of carbon 
in it is dimintihed; that after this it no longer 
contains in reality the fame radical; that confe- 
quently it is not poffible to make it again return 
to the ftate of acetous acid ; but that neverthe- 
lefs the acid thus decarbonated may {till be con- 
fidered as an acid more oxigenated than the 
acetous, fince the proportion of the acidifier is 
in fact augmented by dimipifhing that of the 
carbon, and that therefore it ought to retain 
the appellation of acetic acid.’ We fhall proceed 
to defcribe its diftinguithing properties. — 

59. The acetic acid well reétified is of fuch a 
brifk and penetrating fmell, that it is impoñfble 

to 
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to fupport it for any time: it is fo cauftic, that, 
if applied to the fkin, it burns and corrodes it: 
it is extremely volatile and even inflammable: 
heated in contaét with air it inflames and burus 
with more or lefs rapidity, accordingly as it is 
more or lefs dry and rectified. This experiment 
has led chemitts to believe, that the products of 
Vinpegar contain alcohol, and feem to be a fort 
of native ether. This idea agrees with the pe- 
netrating and agreeable finell, which the firft 
portions of this diftilled acid diffufe. The acetic 
acid evaporates entirely in the air: it unites with 
water, generating much heat: with earths, al- 
kalis, and metals, it forms falts different from 
thofe of common vinegar; and we call them 
the acetates of pot-afh, foda, zinc, and mercury. 
Laffone has fhown, that the ammoniacal acetate 
differs from the ammoniacal acetite or fpirit of 
mindererus ; and though we have not yet a 
fufficient knowledge of all the acetates, their 
form, tafte, and folubility fufficiently fhow that 

they are really different from the acetites. 
Courtanvaux has proved, that only the laft 
portion of acetic acid obtained in the diftilla- 
tion of theacetite of copper, or verdigris, 18 in- 
flammable, and likewife poffeffes the property of 
congealing by cold. In the experiments of this 
chemift, the laft reétified portion of the acid 
cryftallized in the receiver in large laminas and 
in needles, and did not become fluid but at a 
temperature of thirteen or fourteen degrees above 
the freezing point. This property feems to in- 
dicate 


ACID OF VINEGAR. 083 


dicate an analogy between the acetic acid and 
the oxigenated muriatic. 

40. The acetic acid differs eminently from 
the acetous by its property of decompofing alco- 
hol, and forming ether, though in this 1ts aélion 
is not to be compa ared with that of the power- 
ful acids. It is to Citizen Lauraguais we are 
indebted for the difcovery of the acetic ether. 
To obtain it, all that is neceffary is, to pour. 
acetic acid well rectified into a retort contain- 
ing an equal quantity of alcohol. A confider- 
able heat is excited. The retort is placed on a 
hot fand-bath, and two receivers are adapted to 
it, the laft of which is immerfed in cold water, 
er pounded ice; and the mixture is brought to 
boil quickly. At firft dephlegmated fpirit of 
wine pafles over, afterward ether, and laftly, an 
acid, which grows ftronger in proportion as the 
diftillation advances: a brown mafs, much re- 
fembling refin, remains in the retort. The ope- 
rator takes care to change the receiver, as‘ foon 
as the ethereal fmell becomes acrid and pun- 
gent, and the acid 1s collected feparately. The 
acetic ether is rectified with pot-ath by a gentle 
heat# in this fecond operation a great deal is 
Loh i | 

Scheele fays, that he could not fucceed in 
preparing acetic ether by means of radical vine- 
gar united with alcohol, and obtained it. only 
by adding a mineral acid. Mr. Poerner had 
already mode the fame remark on the difficulty 
of obtaining acetic ether by the procefs of Ci- 
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tizen Lauraguais. Yet many French chemifts 
have repeated the procefs; and I can affirm, 
that I have performed it myfelf with fuccefs, 
though it is true I obtained but a fmall quantity 
of ether, compared with what is formed by the 
powerful acids. | | 

Citizen Laplanche, a druggift at Paris, pre- 
pares acetic ether by pouring concentrated ful- 
phuric acid and alcohol on acetite of lead in- 
troduced into a retort: The theory and practice 
of this operation, are precifely the fame with 
thofe of the nitric and muriatic ethers prepared 
by a fimilar procefs 

The acetic ether has an agreeable fmell like 
all the other ethers, but the fmell of acetic acid 
may be diftthgtiifhed in it. It is very volatile 
and very inflainmable : it burns with a vivid 
flame, and leaves a coally mark after com- 
buftion. 

41. The aétion which acetic acid exerts on 
the immediate materials of vegetables has not 
been appreciated in comparifon with that of 
the acetous: if it have any different effets, 
they are no doubt owing to its activity and 
energy. Ithas not yet been ufed for any pur- 
pofe in pharmacy or manufactures, fo that we 
are altogether ignorant whether it have any 
thing diftinét in its mode of action in thefe re: 
{pects. 
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Section VI. 
= Of the Ufes of Acctous Acid. 


42. EVERY one knows how much commoti 
vinegar is ufed for domeftic purpofes, and what 
important fervices it renders fociety: it is the 
moft frequent and ufeful condiment that can be 
employed : it is mixed and united with all kinds 
of food, the infipidity of which it conceals, of 
heightens their flavour. There are few perfons 
to whom it is not agreeable. It is drank mixed 
with water, and often in combination with fu- 
gar or honey. The Romans made their foldiers 
drink water acidulated with vinegar, po/ca, 
and to this cuftom is afcribed the permanent 
healthinefs of their armies. Notwithftanding the 
benefits.of vinegar, and its general ufe in fea- 
foning, the abufe or excefs of it is injurious: it 
_ diforders the ftomach, and enfeebles it, diffolves 
and foftens the organic texture, and produces 
leannefs. It is ufed as a prefervative againft 
peftilential difeates. Et enables us likewife to 
keep fruits, certain leaves, and feveral alimen- 
tary fubftances, which are left to macerate in it 
a longer or fhorter time. 

A3. Phyficians have greatly multiplied the 
ufes of vinegar as a medicine : it is refrefhing, 

cooling, 
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cooling, antifeptic, anti-bilious. A very agrees 
able fyrup is made of it: it is combined with 
honey ; and to this preparation, called orymel, 
{quills are added, and even colchicum, to render 
it diuretic, aperitive, incifive. Common vine- 
gar is the vehicle of many medicaments: a 
great number of different plants are infufed or 
macerated in it, to prepare the vinegar of {quills 
and of meadow-faffron, aromatic, bitter, anti- 
{corbutic, and theriacal vinegar, and that of the 
four thieves. It is diftilled with’very aromatic 
plants, to obtain odoriferous vinegars, intended 
chiefly for the toilet. The various common 
preparations defigued for the table, made by 1n- 
fufions in vinegar, are well known; -particularly 
elder vinegar, rofe vinegar, tarragon vinegar, 
garlic vinegar, and all the varieties that have 
been invented, to multiply the flavours and 
fmells of this liquid. 

44, The acetous acid, or diftilled vinegar, 13 
employed in a great number of pharmaceutical 
combinations. As the acetites of pot-ath and 
foda, which are prefcribed as attenuants in dofes 
of a few grammes: the acetite of ammonia, 
which is adminiftered as a cordial by the name 
of fpirit of Mindererus : the acetite of quick- 
filver, called foliated earth of mercury, which 
forms the bafis of Keyfer’s remedy for venereal 
difeafes: the aceite of lead, frequently pre 
fcribed for external ule in the medicaments, 
called evtra& of faturn, falt, or vinegar of 
faturn, wegeto-mineral water, cerate of faturn, 

| 1 but 
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but which ought to be employed with great pru- 
dence and moderation. The moft fkilful and 
judicious phyficians alone have a right to 
prefcribe fuch compofitions, which may do 
much mifchief in the hands of men ignorant 
of their effeéts ; and much more ought we to 
be ‘afraid of employing cerufe, verdigris, and 
the cryftallized acetite of copper; fubfiances 
which fcarcely enter into any preparations, a 
few ointments for external ufe excepted. 

45. Thefe oxides and metallic falts, prepared 
with lead and copper by means of vinegar, are 
- ufed for a great many purpotes i in the arts. For 
painting in particular they are in great demand. 
It muft not be forgotten, that by employing 
them in the arts we expofe ourfelves to very fe- 
rious dangers, and to be poifoned, if we be not 
very attentive. 

46, The acetic acid is ufed as an irritant, 
and a very active ftimulus. It is held to the 
noftrils of perfons who faint.; for which purpofe 
a {mall quantity is commonly poured on ful- 
phate of pot-afh in coarfe powder, and kept in 
a well-ftopped bottle: this preparation is very 
improperly called falt of vinegar. 

The acetic ether is begun to be employed in 
practice. Citizen Sedillot the younger fays, he 
has ufed it with great fuccefs in frictions, and even 
internally, in rheumatic pains and affections. 

No other combination of the aceti¢ acid is 
yet known or employed in the arts, 
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ARTICLE VI. 


Of the Panary and Colouring Fermentations. 


1. IN fpeaking of the diftinétions of the dif- 
ferent fpecies of fermentation, I have afferted, 
that the fermentation, which I call colouring, is 
a mean between the acid and putrid fermenta- 
tions, and that it was neceffary toftudy it along 
with thefe: I here add the panary fermenta- 
tion, becaufe it would be of little ufe to make 
it the fubjeét of a particular article, and be- 
caufe it equally holds a mean between the putrid 
and the acid. Befides, though we fee plainly, that 
both thefe fpontaneous movements are really 
placed between thefe two fermentations, they 
are yet too little known, too little ftudied, to 
be treated feparately, and to deferve each a 
_difünét article. | 

2. It requires but a fimple and eafy obferva- 
tion of dough of wheaten flour, expofed to a 
temperature from fifteen to eighteen degrees, 
after being mixed with a certain. proportion of 
yeaft or “the already fermented, to fatisfy our- 
felves that it experiences in fact a real fermenta- 
tion. This dough rifes, fwells, increafes in bulk, 
dilutes internally, feparates in fome points, and 
becomes filled with cavities or eyes, manifefily 
produced by the extrication of an elaftic fluid. 


At 
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At the fame time it is obferved to grow warm, 
it changes its colour, it does not retain its 
vifcous aed adhefive confiftence ; it acquires a 
fmell fomewhat pungent, and a tafte altogether 
different from the kind of infipidity which it 
poffeffed before this movement. In thefe figns 
we cannot eafily avoid difcovering a true fer- 
mentation. | 
5. Attempts have been made to determine 
in what this fermentative motion of dough 
confifts ; and to fhow that it is not a particular 
fermentation, but merely the three fermenta- 
tions arifing fimultancoufly and reciprocally, 
confining ie effects of each other to their com- 
mencement. . According to this opinion, the 
feculent matter of the flour tends to grow 
four, while the faccharine mucous fubftance be- 
come vifcid, and the gluten putrifies From 
thefe three movements coinciding, and mutually 
reftriéting each other, proceeds the mixed fer- 
mentation, which gives rife to leavened dough, 
and produces light, delicate bread, agreeable to 
the tafte, and eafy of digeftion. | 
4. But this mode of viewing the fubjeét is 
- not yet fupported by any fubftantial proofs. 
There is not enough faccharine matter in flour, 
and what is in it is not fufficiently free, . to 
produce the flighteft movement of. vinous fer- 
mentation : he. fecula is neither fufficiently at 
liberty, nor fufliciently heated, to pafs into the 
{tate of acetification in the fhort fpace during 
whigh the dough is rifing. We have nothing 
er, NI left 
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left therefore but the glutinous matter, which 
is more abundant, more diluted, more raifed by 
the water it has abforbed; much more difpofed 
than the other component parts of the flour to 
undergo an inteftine movement, which divides, 
feparates, and rarefies the mafs; which parts it | 
fo eafily into flakes by its fimple difpofition ; 
which fills it, and forms the cavities fo well 
known in bread duly rifen, and properly baked; 
which tends fpeedily to decompofe it com- 
pletely, almoft in the manner of animal fub- 
ftances, Though it is certain that it paffes 
through an acid ftage, when it is fuffered to go 
beyond the fimple rifing, which bread ought to 
have, it is equally fo, that it likewife tends 
readily to putrify. 

5. Thus without having recourfe to the fimul- 
taneoufnefs, of three fermentations, we may 
admit one in the gluten of the flour, which 
fermentation 1s neither an acetification, nor a 
formation of wine, nor a putrefaétion, but ra- 
ther a commencement of putrid decompofition, 
which only divides the mafs, diminifhes, nay 
deftroys its vifcofity, extricates from it fome 
bubbles of elaftic fluids, modifies its tafte and 
fmell; in a word, changes its properties in a 
very remarkable manner. Unqueftionably it is : 
not a fermentation completed, for then it would 
be a putrefaction: it 1s but a firft ftage of fer- 
mentation, which art checks, after having ex- 
cited it, after having brought it to fuch a point, 
as to give the dough that degree of attenuation 
e193: | ni 
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and lightnefs, which was requifite to make good 
bread; for which reafon the name of panary 
fermentation has been given it: it is far from 
being terminated ; it has fcarcely begun to aét 
on the dough, and this has fcarcely begun to 
rife, when its progrefs is {topped by the baking, 
to which the mafs is fubje¢ted, in order to give 
“it the tafte and defirable properties of bread. 

6. It is the fame with the colouring fermenta- 
tion, which is only carried a little further in. 
the proceffes of art, than that which dough for 
bread is made to undergo. Like this, too, it is 
only a real decompofition more or lefs advanced 
toward putrefaction, a commencement of refo- 
lution, which tends to deftroy the vegetable 
matter completely. There is no perfon who has 
not obferved, that, in the courfe of this putrid 
decompofition, the vegetable fubftances that un- 
dergo it, affume in general a more or lefs de- 
cided colour. Thus fruits grow darker and 
brown, mufhrooms become black, mucilages ‘ 
change yellow and red ; leaves immerfed in wa- 
ter feem at firft to acquire a deeper green, and 
afterward affume a brownnefs which approaches 
to black. Thus the whiteft vegetable falts, the 
tartrites and acetites, exhibit in their tranfpa- 
rent folutions, yellow, brown, and blackifh 
clouds or flakes, the mucous produéts of their 
flow alteration, which at length depofit carbo- 
naceous particles. 

7. Thisconfiderably accurate, though very gene- 
ral notion, ought to be applied to what paties in 
the 
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the preparation of feveral colouring matters-de- 
rived from vegetable fubftances, which ate fer- 
“mented in the preparation of weld or woad, and 
of indigo. This phenomenon is pretty accurately 
proved : the fine blue colouration, the formation 
of the moft beautiful, moft lafting, and moft 
valuable colour, that the art of date pofleffes, 
is the produce of a real fermentation: and 
fince the plant alone immerfed in water under- 
goes, in order to affume this tint, an intefiine 
motion of which there are indubitable figns in 
the increafe of volume and temperature, the 
rifing of a fcum, and a confiderable noife, 
and the rather copious extrication of an elaf- 
tic fluid mixed with carbonic acid and car- 
bonated hidrogen gas; we cannot avoid ac- 
knowledging this fermentation to be the true 
fource of the colouring matter formed, fince 
this does not appear without unequivocal figns 
of the fermentation. 

8. But is it a fact, as it has appeared to fome 
modern writers, that this colouration is a parti- 
cular fermentation, that it deferves to be care- 
fully diftinguifhed from all others, and even 
expreffed oe a fpecial name, as I have done in 
this article, to ftrike the attention of all who 
would ftudy vegetable chemiftry with care? I 
do not think, that in the prefent ftate of our 
knowledge we can embrace fuch an opinion. 
No doubt, from the peculiar product obtained, 
which is not lefs remarkable than ufeful, we 
may adopt the term of colouring fermentation, 

if 
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if we attach only this idea to it; but we ought 
not by this to underftand, that it is a move- 
ment different from all others with which we are 
acquainted : we fhould conceive it folely to in- 
dicate the peculiarity of the produét. 

9. The. panary and colouring fermentations 
then are truly and effentially nothing but 
commencements of fpontaneous decompôfition, 
which would quickly terminate in the putrefac- 
tion and complete diffolution of the vegetable 
matters, if they were not {topped at a certain 
point, by fubjecting the product of the former to 
that baking which converts it into bread; and 
by removing the divided and blue fecula of the 
other out of the liquor, in which it is proceed- 
ing toward putrefaétion, and to dry it quickly. 
In the former, the dough is on the verge of 
acidity, when it is put into the oven: in the 
latter, a confiderable quantity of carbonic acid 
and of ammonia is already formed at the ex- 
penfe of the plant, and if the produétion of either 
of thefe were to continue, a complete diffolu- 
tion of the vegetable would be the confe- 
quence; but being fiopped in due time, this 
decompofition exhibits a matter already very 
carbonaceous, of which carbon conftitutes the 
principle in excefs, and renders its durability as 
a colouring fubftance fo great, and its alteration 
fo difficult, 
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ARE TOP ENT 
Of the Putrid Fermentation. 


1. PUTREFACTION is the laft kind of fer- 
mentation I have diftinguifhed, and it is in faét 
that which terminates all the others, and effects 
the complete decompofition of vegetables. No 
part of plants is exempt from this movement, 
and.yet we may keep almoft all free from it, by 
depriving them of water, the contact of air 
and heat. Some ancient chemifts, Becher in 
particular, had eftablifhed a fort of comparifon 
between putrefaction and combuftion; and this 
idea, though it was difficult to prove it pro- 
perly in remote times, was founded on an ob- 
fervation well made, and has been confirmed in 
our days. 

2. For putrefaction to take place in ve- 
getables many circumftances are neceffary. 
Their texture muft be relaxed by water: all dry 
vegetable matters keep without alteration; on 
the contrary, all that are fufficiently moiftened 
rot. This happens to the hardeft wocds, the drieft 
cords, the tougheft ftalks. The contact of air 
contributes greatly to produce and keep up this 
movement: we have a great number of faéls of 
flowers and fruits being preferved freih and found 
in à vacuum, or in eee well clofed and fecured 

from 
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from the contaét of air. A high temperature is | 
not neceflary to keep up vegetable putrefaction : 
ten or fifteen degrees are fufficient, though a 
greater heat is not detrimental, but accelerates 
it; yet it muft not be fo great as to produce 
that drynefs which is a prefervative from it. 
Exficcation in an oven is the moft antifeptic pro- 
cefs known for all vegetable. fubftances what- 
ever. Quantities of vegetables heaped together, 
but not comprefled, fingularly favour this fpon- 
taneous analyfis. | 

3. All the conditions requifite to putrefac- 
tion being united, this decompofition announces 
itfelf by a change of colour and confiftency in 
the parts of plants; their texture relaxes and 
foftens ; their lamine, their fibres feparate and: 
rife up; their foft and fluid parts fwell, and be 
come covered with feum: elaftic fluids diftend 
them, traverfe them, and efcape from them): 
their temperature increafes, and fometimes even 
fo as to produce conflagration. The gafes 
evolved, which are accompanied with a fmell 
at firft but little difagreeable, afterward mufty 
or mouldy, then faint, fetid, flightly ammonia- 
-, cal, are compounds of carbonated hidrogen gas, 
carbonic acid gas, and azote gas. Thefe phe- 
nomena diminifh and grow weaker by degrees, 
after having continued a longer or fhorter time, 
according to the confiftency of the vegetiable, 
which lofes much of its fubftance in matter 
that evaporates, and leaves only a refiduum more 
or lefs abundant, of a blackifh colour, and. con- 


taining 
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taining the moft fixed of the materials that en- 
tered inte its compofition; namely, the earths, 
the acids that faturated them, and part of the 
carbon which gave it confiftency. 

4. In thefe conditions, and in thefe pheno- 
mena, as well as in the produéts of the putrid fer- 
‘mentation of vegetables, we manifeftly perceive 
the influence of the numerous attraétions, which 
the materials that enter into the compofition of 
their texture exercife on one another. The hi- 
drogen in particular unites with the oxigen, 
and flies off as water ; or is evolved as gas, car- 
rying with it a portion of the carbon; while a 
third portion of this principle unites with the. 
azote in plants that contain it, and forms am- 
monia; and a fourth and laft part ftill remains 
in the refiduum, which it colours, and to which 
it {till imparts fmell. : The carbon unites in part 
with the hidrogen evolved ; in part with the 
oxigen, which burns it, and carries it off as an 
acid; and a part remains in the refiduum. The 
oxigen feparates itfelf from the plant with each 
of thefe two principles, with which it unites to 
make binary combinations. 

5. Among the fixed refults, the refidues af- 
forded by ae putrid decompofition of vege- 
tables, we muft particularly diftinguifh as ufeful 
objects, hemp, and other filamentous plants 
fieeped, rotten wood, dung, and-mould. : 


“SECTION 
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SECTION I. 
. Of the ficeping of Hemp, Flav, Stipa Tena- 
cifima, Spanijh Broom, &c. 
' À , 

6. THE effeét of the fucceflive action of wa- 
ter and air on the agglutinated and united 
fibres of the femiligneous ftalks of filamentous — 
plants, particularly of hemp, flax, the ftipa 
tenaciffima, and Spanith broom, when they are 
kept immerfed alternately in them, are well 
known: this operation is called rotting, and | 
the places in which it is performed are termed 
fteeping pits. Thefe plants are ftecped for 
fome days at the fides of brooks, rivulets, 
fome ponds, and even in the midft of the wa- 
ter, being kept down with ftones. : The mucous 
and extractive gluten, which kept the fibres ad- 
herent, is diffolved and decompofed; the bark 
is readily detached from the interior woody tex- 
ture; the cortical layers and their filaments are 
eafily feparated. | 

7. Experience proves that running water is 
- far preferable to ftagnant, though prejudice has 
impreffed a contrary opinion on many country 
people. Boiling in water flightly impregnated 
with alkali may fupply the place of ftecping, 
which, as it is moft commonly practifed, 13 ac- 

' | companied 
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companied with an infupportable ftench, and a 
real putrid decompofition. It is from this laft 
well known fact that I confider hemp, and all 
other vegetable ftalks in general that have un- 
dergone this procefs of fteeping, as a fort of 
fibrous fkeletons, freed by a putrid alteration 
from every thing that furrounded them. This 
decompofition is ftopped in due time, otherwife 
it would attack the fibrous texture itfelf, if it 
were allowed to continue, and deftroy the te- 
nacity of the filaments, as happens when the 
plant is fteeped too long. 

8. With thefe flexible and folid fibres are 
fabricated thofe delicate and light cloths un- 
known to the ancients, of which polifhed 
nations make the garments they wear next 
their fkin. Linen we know has confiderable 
ftrength and durability. Yet by tearing and 
grinding it, after macerating it in water and 
fuffering it to become half rotten, is made that 
pulp of ingenious invention, which, being di- 
luted and fufpended in hot water, fubfides in a 
thin layer on very fine fieves dipped into the. 
fluid, fo as to form by precipitation thofe fhects 
of paper, which are fet to dry, and covered with 
a vegetable or animal glue, that it may be af- 
terward written upon without the ink finking 


into it. 
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SECTION II. 
Of rotten IVood. 


9. DEAD wood, altered upon the ground in 
different manners, and known by the name of 
rotten wood, is one of the moft fingular refults 
of the putrid decompofition of vegetables. The 
foot ftalks of the leaves, the woody peduncles of 
flowers and fruits, flender twigs, the light ftalks 
of fhrubby plants or dried herbs, ions have ac- 
quired a woody nature by deuce ir corrupt, 
change, and are decompoted; when lying on 
the ground and heaped together with leaves 
sb mofs, in hollows Fete water colleéts, 
more or lefs covered or penetrated by this fluid, 
and at the fame time expofed to the contact of 
air, we fee them grow brown, blacken, fplit, 
lofe their cortical layers in little fcales or fila- 
ments, and exhibit beneath a yellowith, brownifh, 
or white flabby texture, without confiftency, of 
a mouldy fmell, and in a ftate of re tl 
which is called rotten. 

10. We fee pieces of folid timber, whole 
beams or planks, coming to this ftate in the 
period of a few years, when they are expofed to 
damp air, or in low places, where the water does 
not Haturalt’, evaporate, Thus the wood of 
fences, particularly in forefts and courts that 

have 
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have littie circulation of air; beams ‘and planks 
in cellars; floors and partitions in underground 


-apartments, where the air is but little renewed, 


~ 


and remains conftantly loaded with moifture ; 
become foft, crack, emit a mouldy fmell, lofe 
their folidity, and at laft feparate into white, 
pliant leaves and filaments, or into powder in 
dry weather. ; 

11. Though all the phenomena that fucceed 
each other and take place in this fpontaneous 
deftruétion of wood have not yet been defcribed, 
or perhaps obferved with fufficient care, at leaft 
fome have been noticed and mentioned, which 
it is neceffary to record here. For inftance, we 
know that the wood is phofphoric, or fo ftrongly 
luminous, during the courfe of this flow putre- 
faction, and almoit to the end of it, as to exhibit 
fingular fpeétacles in the fields and woods. We 
eae De it conftantly emits fuch a fmell, as 
is found in the clafs of agarics and fpunks, the 
produétion of which feems frequently to be the 
confequence of this putrefaction : we know that 
the mucous, extractive, feculent, oleaginous 
matters, which form a part of the compofition 
of vegetables, are gradually deftroyed,. and 
efcape from the ligneous fubftance during this 
decompofition ; and that they are found no 
more, or at leaft are found in a ftate much al- 
tered, yet but little afcertained, and deferving 
further examination. 

12. When we examine the laft refiduum of 


thefe rotten woods, we remark that they have 
Pipi, 
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loft, befides their folidity and their confiftence, 
the greater part of their primitive matter, weight, 
and ligneous property. Their. combuftibility is 
fingularly diminifhed: they burn feebly and ra- 
pidly ; they give out little heat ; they leave little 
cinder, but this cinder is ftr te faline, and - 
many chemifts have obferved, that among the 
falts obtained from it, fulphate of foda is con- 
{tantly found in greater quantity than it is ufual 
to procure it from vegetable fubftances. Thefe 
firft faéts refpecting the nature of rotten woods, 
fufficiently fhow, how important it may prove 
to vegetable phyfics, carefully to obferve and 
attend to every thing that concerns the fpon- 
taneous alterations, to which they are liable. 


SECTION ITI. 


Of Dung. 


- 


13. THOUGH at firft view there appears to be 
nothing in the flow decompofition of the ftems 
of herbaceous plants, and the ftalks of graffes, 
that differs effentially from that of other folid 
vegetable matters: yet the fort of phenomenon 
they then undergo, and the produét they furnifh 
under the name Rf dung, have a claim on our 
attention for a few moments, on account of their 
important ufe in agriculture. By the term dung, 
however, I do not here underftand with the 

generality 
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generality of farmers that diverfified heap, that 
chaos ofanimal and vegetable fubftances, various 
in their nature, that filth of every kind, that is 
heaped on the ftraw which has ferved as litter to 
animals, and which, particularly impregnated 
with their liquid and folid excrements, after- 
ward furnifhes land with awery nutritious ma- 
nure: in this point of view it will be treated of 
in another place. 

14. At prefent I confider only the pure re- 
mains of the culms or herbaceous ftalks of all 
plants, which, after having been heaped toge- 
ther and moiftened in fuch a manner as to be 
furrounded and even fermented by the air, grow 
hot, become coloured, feparate into pieces, and 
emit a fetid fmell, an aqueous vapour impreg- 
nated with carbonated hidrogen gas, and fome- 
times even ammonia: which grow foft, and 
partly diffolve into a brown ftrong-fcented fluid, 
very ufeful to vegetation, and depofiting char- 
coal by a flow precipitation: and of which ano- 
ther part is reduced into a blackifh friable 
fubftance, which ultimately becomes pulveru- 
lent, and is confounded with the earth, to which 
it is gradually reduced after pafling through 
the ftate of mould, which will prefently be ex- 
amined. 7 | 

15. During this decompofition, which renders 
thefe remains of vegetables fo fit for meliorating, 
enriching, manuring, or forming the foils in 
which they are mixed by the help of the plough ; 
the principles that conflitute thefe vegetable 

compounds, 
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compounds, re-acting on one another, are united 
by the progrefs of a flow fermentation in an 
order different from that in which they had been 
combined by vegetation, partly efcape in the 
form of vapour, and partly diffolve in a thick 
liquor called dunghill water. Some portions of 
thefe remains preferve a folid form, notwith- 
ftanding they lofe the greater part of their tex- 
ture and organization. All thefe elements, 
combined more fimply than they were in the 
compounds of which they made a part, tend 
gradually to reftore to the earth and air what 
they borrowed from them during their vital 
movement ; and it is by the effect of this de- 
compofition, that dung is of fo much ufe as 
manure, and for the fupport of vegetation, as 
will be faid hereafter. | 


SECTION IV. 
Of Mould. 


16. The laft ftage of the flow and. manifeftly 
putrid decompofition of herbaceous ftalks, the 
end of the dung which in this ftate is faid to be 
exhaufted, is its reduétion into mould. By this 
term is implied the pulverulent, blackifh, fat 
refiduum, which dung leaves after its total de: 
compofition ; called in French ¢erreau; becaufe 
it refembles the ftate and form of an earth, 

Vou. VIII. X and 
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and becaufe it adds to the terreftrial globe ftrata, 
that cover its furface, apparently increafing the 
extent and depth of it. In fome points of view 
it may be confidered as the fkeleton of herbaceous | 
ftalks : but we fhould be wrong to fuppofe as 
formerly, that it confifts folely of the fixed 
matters, that enter into the compofition of thefe 
ftalks. | 
17. In this laft refpeét the name of vegetable 
earth, which has been given it, can exprefs only 
its external appearance or phyfical properties. 
It muft not be confounded with an earth pro- 
_ perly fo called, fince earthy fubftances are fre- 
quently the leaft portion of the matters that 
conftitute mould. ‘The firft analyfis made of it 
a few years ago by Citizens Giobert and Haffen- 
fratz, fhowed the prefence of oleaginous matters, 
extractive fubftances, and charcoal fill contain- 
ing much hidrogen. Accordingly, when fub- 
jected to diftillation, mould yields odorant elaftic 
fluids and liquid products. When it ts boiled 
in water, it colours it, and communicates to it 
tafte and {mell. When it is heated in contact 
with air, it takes fire, and fometimes inflames 
with confiderable activity : but indeed it muft 
be obferved, that if mould be carefully wafhed, 
organized fragments, ftalks, &c. are almoft al- 
ways found in it. There have been likewife 
found in frefh mould, acetites and benzoates of 
_ pot-afh, lime, and ammonia, fulphate and mu- 
riate of pot-afh, and a kind of faponaceous fub- 
fiance already mentioned by Bergman. 
18. Among 
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18. Among the fixed materials we find a re- 
markable quantity of carbon in a very divided 
ftate, carbonate of lime, phofphate of lime, 
filex, alumine, magnefia, iron, and manganefe. 
Sometimes the filex in it is very abundant: for 
it may readily be conceived, that, according to 
the nature of the plants from which it proceeds, 
the mould muft differ in the proportion of its 
fixed refiduum, and in its principles. It is 
afferted, that fmall quartz or rock cryftals, very 
regular and very tranfparent, are conftantly 
found in it: and there is nothing improbable in 
this, fince we know fo many inftances of the 
prefence and folution of filex in the organs of 
plants and animals. 

19. One of the moft recent difcoveries con- 
cerning mould and vegetable earth, which at 
the fame time moft forcibly proves the combufti- 
ble and very compound nature of this putrid 
refiduum of plants, is that which indicates in 
this fubftance a very ftrong power of abforbing 
atmofpheric oxigen with much promptnefs, and 
reducing air to its azote gas. Dr. Ingenhoufz, 
who made this difcovery, and Mr. Humboldt, 
who has confirmed and extended it by fucceffive 
refearches, have both thought this abforption 
fo ftriking, that mould might be employed for 
eudiometrical experiments. We {hall fee pre- 
fently, that this very remarkable property is of 
fuch a nature, as to throw light on vegetation, 
manures, and foils. 

X 2 20. If 
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20. If we reflect ever fo little on the concate- 
nation and economy of natural phenomena, we 
fhall perceive, that this formation of mould, 
which is a neceffary confequence of the fuc- 
ceflive decay of vegetables, is the grand and 
fimple means employed by nature, to furnifh a 
continual fupply of food for frefh vegetation; 
that fuch is in fact the charaéter of the foil of 
all woody places, that it is one of the fources of 
its inexhauftible fertility, and that thus it makes 
the fame primitive matter ferve continually to 
develope all the germs that grow, and fupport 
their life. It may be fuppofed, that art mutt 
have availed itfelf of this grand obfervation, to 
imitate the fertility of nature, to increafe the 
productions which human induftry demands, 
and to prevent lands from being fpeedily ex- 
haufted, as they would be wiehoue this perpetual 
affiftance. 


ARTICLE VIII. 


Of the flow Decompofition, and various Changes, 
which Vegetables undergo inthe Bofom of the 
Earth, 


1. VEGETABLES and their parts have like- 
wife natural modes of deftruétion, different from 
thofe which have hitherto been defcribed, and 
which are not real fermentations, When they 

. are 
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are buried under ground, or carried together in 
a mafs into the fea; which frequently happens 
in confequence of earth-quakes, openings of the 
ground, the finking of cliffs, the fall of rocks 
or large maffes of fnow from the mountains, in- 
undations, torrents, currents, &c.; they are ex- 
cluded from the contact of air, and moft fre-. 
quently from the temperature neceffary to 
produce fermentative movements, fo that they 
undergo nothing refembling the vinous, acetous, 
or even putrid fermentation. Penetrated by 
aqueous molecules which never quit them, or 
which, infinuating themfelves into them from 
time to time, carry with them faline, acid, 
earthy, metallic, and other particles ; or wafhed 
and agitated continually by maffes of falt water 
impregnated befides by a number of matters in 
a ftate of folution, particularly by various animal 
productions: they find in the courfe of their 
very deftruction the caufe of new effects and 
modifications, which change their nature, or 
which, while they retain a part of their former 
compofition, give it.a very different turn or 
fafhion from what it before prefented. 

2. When we confider the feveral known 
changes, different from thofe produced by fer- 
mentation, of which vegetables are fufceptible 
in the very midftof deftruction, and by its more 
or lefs flow effect; without our being able to 
attribute or compare them to their true putrefac- 
tion, we find four kinds of products, equally 
formed by fubterranean alterations, and equally 

deferving 
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deferving to be ftudied in the feries of chemical 
operations, which nature performs in the large 
way. In order to appreciate their mutual reports, 
their differences, their produétion, and their 
ufes, I fhall here defcribe them in fucceffion 
under the heads of 

1ft, foffil woods ; 

Qd, turf or peat; 
Mae 3d, bitumens ; 
Ath, petrified vegetables, 


SECTION I. 
. Of Fofil Wood. 


3. IN the interior part of the earth, and pai- 
ticularly along the banks of moft large rivers, 
we frequently find wood buried ten or fifteen 
metres deep, ftill very diftinguifhable, not only 
by the form, texture, and confiftence, but by the 
great quantity and ftate of the trunks and 
branches lying together in larger or fmaller 
heaps. We feldom dig near the banks of run- 
ning waters, or beneath their beds, without dif- 
covering fuch wood, fometimes in fo great 
quantity, that we cannot avoid perceiving whole 
trees, and even parts of forefts, fwallowed up by 
grand cataftrophes, fuch as we fometimes fee, 
and which occur {till more frequently near thofe. 
great rivers of vaft uninhabited continents, the 

| foil 
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of which is every where covered and loaded with 
the produce of an ancient vegetation, that has 
continued through a long feries of ages. 

4. Thefe foffil woods are commonly of a brown 
or almoft black colour, and of a foft and tender 
confiftence, as long as they remain buried. They 
readily harden, and even become very hard, when 
they continue fometime expofed to the air, {till 
preferving a dark colour, and acquiring by defic- 
cation a much finer and clofer texture than they 

originally poffeffed. Sometimes they are em- 
ployed with great advantage for certain purpofes 
of building, particularly in places neceffarily 
more or lefs expofed to the contact of damp air, 
as underground apartments, &c. becaufe they 
are no longer capable of being affected by the 
humidity, of the atmofphere. Foffil wood is fill 
extremely combuftible: it burns with little 
flame, but gives out great heat: it affords a denfe 
and heavy charcoal if it be extinguifhed when 
half burned. The oil it yields on diftillation is 
fetid and nearly folid. 

5. In all thefe properties we : difcern a ligneous 
fubftance, which has undergone fome changes : 
it is net perfectly of the be nature as ome. 
The ftrata of wood penetrated with water have 
loft a portion of the mucous, extraétive, foluble 
matter, which they contained. They have been 
reduced more or lefs to the ftate of a pure woody 
{keleton: even a portion of the external fub- 
{tance of the hgneous fibres has been decom- 
pofed, and reduced to the form and colour of 

charcoal : 
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charcoal: a part of their hidrogen has been 
taken from them. When the water which im- 
pregnates them and keeps them feparate is 
diffipated, thefe layers contratt and prefs clofely 
upon each other: hence, refults that hardnefs, 
that compact texture, and that fhining furface, 
which they acquire when cut and polifhed ; and 
hence, the little flame they emit, when burned 
in a fire-place. In fine, we perceive that foffil 
wood, though ftill ligneous, is in its progrefs to 
defiruction, and that a longer ftay in the earth 
would in the end deftroy it completely, by di- 
minifhing more and more all the properties of 
vegetable matter it pofleffes. Accordingly, we 
fometimes find it friable, no longer capable of 
becoming dry and folid, but crumbling and re- 
ducible to a fort of mould by rubbing. 


SECTION II. 
Of Turf or Peat. 


6. THE explanation juft given of the effects 
produced on wood by moift earth, and water 
filtering through it, which thus reduce it to its 
coally fkeleton, is equally applicable to plants 
buried in the earth. There are lkewife many 
low grounds, which, nearly ona level with fmall 
rivers, and fometimes even below it, are alter- 
nately covered with earth and left by their 
| 2 waters, 
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waters, or admit them in fuch a manner, as to 
be continually: fermented by them. Thefe 
grounds producing an enormous quantity of 
plants crowded together, inceflantly growing, 
and annually accumulating layer upon layer, 
their foil becomes loaded to a greater or lefs 
depth with remains of vegetables, or herbaceous 
ftalks, interwoven with each other in all direc- 
tions, of a black and coally colour, and of a 
difagreeable or even fetid fmell, which indicate 
a confiderably advanced ftage of vegetable de- 
compofition. 

7. Thefe remains, full folid and combinetitte 
are known by the name of turf or peat, and the 
places from which they are taken are called bogs, 
or turbaries.. Though peat confifts of coherent 
mafles, belonging to.a much larger mafs of one 
fingle piece of a fubterranean depofit, yet by 
feparating the filaments which compofe their 
texture, we may difiinguifh feveral of the plants, 
which have contributed to their formation, 
They are feparable into long; foft, brown, or 
black ftalks, fometimes indeed of a bluifh or 
violet colour, which have loft the’natural con- 
fiftence of the-plants to which they -belonged, 
and are manifeftly altered in ‘their texture as 
weil as in their nature. 

8 When turf is heated in an apparatus for 
diftillation, we obtain from it a yellow or reddith 
fetid water, an extremely fiinking oil, carbo- 
_- nate of ammonia, and carbonated hidrogen gas 
of a very difagreeable fmell, ‘The refiduum is a 
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coal, frequently pyrophoric, from which fome 
falts may be extraéted after incineration, parti- 
cularly muriates and fulphates of foda and pot- 
afh, mixed with phofphate of lime, calcareous 
fulphate, and oxides of iron and manganefe. 
Every perfon knows the manner in which turf 
burns in fire-places and furnaces, the ill fmell 
it emits, and the reddifh ferruginous afhes it 
leaves. Attempts have been made with fome 
fuccefs to diveft it of thefe inconveniencies, by 
half burning it in clofe veffels fo as to char it 
like wood. This procefs has certainly its ad- 
vantage. It muft be mentioned however, that 
this charcoal is inferior to that commonly made 
from wood; and that it is liable to take fire 
from the combined aétion of air and water, fo 
that it ought to be kept for ufe in clofe places 
well fecured. I faw a yard in Paris filled with 
this charcoal, induftrioufly and even fkilfully 
manufactured, occupying a vaft fpace open to 
the air. After a few days rain, to which it was 
conftantly expofed, a copious white fmoke arofe 
from it, which was foon converted into a flame, 
and entirely confumed the charcoai, at the 
fame time threatening every inftant a more 
general conflagration, by communicating to 
other combuttible fubftances near. 

9. Turf therefore is in reality the refiduum of 
plants or herbs half decompofed, half burned, 
reduced almoft to the ftate of charcoal, analo- 
gous in its nature to foflil wood, which is equally 
carbonaceous. It is ufed as fuel, where there is 

no 


f 


BITUMENS. *. 513 


ho other: it may be very ufeful in forges: its 
afhes are employed as manure. By lixiviation, 
falts of ufe in the arts may be obtained from it. 
There are fome turbaries which are found to 
contain likewife fulphuret of iron, or pyrites. 
This compound, fo combuftible in moift air, 
heats them when they are expofed to it, and 
even occafions them to take fire. Some of them, 
fuch as thofe in the environs of Beauvais, are even 
capable of furnifhing by lixiviation fulphate of 
iron, which is formed in them by expofure to 
the air. There is no doubt, that moft turfs may 
be employed for obtaining from them by diftil- 
jation an oil analogous to tar, as Becher pro- 
_ pofed in 1683, , 


SrecTion III. 
Of Bitumens. 


10. Bitumens, are produced like foffil wood 
and turf from vegetables or parts of vegetables, 
heaped up and buried in the waters and in the 
earth, but differ from both of them in being 
combuftible fubftances without any organic 
texture or appearance in the greater part of their 
mañles, which are homogeneous, brittle, and as 
it were vitreous in their confiftence, when folid ; 
in furnifhing, all without exception, acid or 
ammonia, when diftilled, and leaving a coal di- 

| vided 
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vided in the form of fibres or laminæ. It may 
eafily be known however, that they have belonged 
to the vegetable kingdom, by their oily nature, 
by the carbon they contain, and likewife by 
their vegetable origin being manifeft in them, 
either by the feeds, leaves, or ftalks of which 
they exhibit impreflions, or by the ligneous na- 
ture which they frequently fhow at one of their 
extremities. 

11. Formerly they were confounded with ful- 
phur, bearing the fame appellations, as they 
were termed a mineral fulphur, while fulphur 
itfelf was fometimes called bitumen, or bitumi- 
nous juice. ‘They were likewife confidered for 
a time as mineral produdtions, as terrene oils ; 
and their vegetable origin was not then under- 
ftood. At prefent there is no longer any difficulty 
in diftinguifhing them from anthracite, a fpecies 
of carbonaceous matter mixed with one-third 
of its weight of filex and a little iron, which 
exifts in the primitive mountains, and affords 
no oil; while bitumens, which are found only 
in ftrata of the fecond or third order, contain, 
or yield when aéted on by fire, more or lefs oil, 
._ Itis evident that bituminous produétions cannot 
be confidered as belonging to the clafs of mi- 
nerals ; or at leaft of being in fome refpects re- 
Jated to it, merely becaufe they are found in the 
earth among foffils. | 

12. Four fpecies of bituminous matters fhould » 
be diftinguifhed: bitumen, properly ‘fo called, 
coal, jet, and amben Their fpecific difter- 

\ ences 
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énces are very well marked by the following 
characters : 

Bitumen is fluid or foft : it yields no ammonia 
on diftillation; it leaves very little coally re- 
fiduum. 

Coal affords much ammonia, and leaves much 
coally refiduum after diftillation,, much earthy 
matter after incineration. | 

Jet is fufceptible of a fine polifh: when diftil- 
_led, it gives out a liquid acid. — 

Amber is tranfparent: it furnifhes a concrete 
acid by fublimation. 

We muft examine the properties, origin, na- 
ture, and ufe of each fpecies in particular. 


A. Bitumen. 


13. Ar prefent, the name of biéumen is confined 
to oleaginous foffil fubftances, which give out 
no ammonia when acted on by fire, which emit 
no fetid fmell when burned, and which after 
they are burned leave little earthy refiduum. 

14. There are two principal varities of bitu- 
men, one more or lefs fluid from the lightnefs 
of naphtha to the confiftency of pitch. This 
variety is called naphtha, petroleum, or piffaf- 
phaltum, according to its liquidity. The fe- 
cond, which is folid, or nearly fo, is called. a/- 
phaltum. | 
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FIRST VARIETY. 
Liquid Bitumen ; Petroleum. 


15. Tue name of petroleum, or rock-oil, has 
been given to a fluid bituminous fubftance, 
which flows between ftones, on rocks, or in dif- 
ferent parts of the furface of the earth. This - 
oil differs in lightnefs, fmell, confiftence, and 
inflammability. Authors have diftinguifhed a 
pretty confiderable number of fub-varieties of 
it. They have given the name of naphtha 
to the lighteft, moft tranfparent, and moft in- 
flammable petroleum; that of petroleum, pro- 
perly fo called, to a liquid bitumen of a deep brown 
colour; and laftly, that of mineral pitch to a 
black, thick bitumen of little fluidity, tenacious, 
and fticking to the fingers. The following are 
the fub-varieties defcribed by Wallerius and 
feveral other naturalifts. — 


VARIETIES. 


Wurtre naphtha. 

Red naphtha. 

Green or dark naphtha. 
Petroleum mixed with earth. 
Petroleum exuding from ftones. 
Petroleum floating on water. 
Mineral pitch, or maltha. 


Se Qi © 


8. Piffaf- 
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8. Piffafphaltum. This is of a mean confift- 
ence between that of common petroleum, and 
that of afphaltum, or Jew’s pitch. 

16. The different naphthas are found in Italy, 
in the neighbourhood of Modena, and at Monte 
Ciaro, twelve leagues from Placenza. Kempfer 
fays, in his Amenitates evotice, that a great 
quantity is colleéted in feveral parts of Perfia; and 
that a place in India, where it burns, is faid to 
contain the devil, whom God has fhut up there. 
Petroleum flows in Sicily, and in feveral parts 
of Italy; in France at the village of Gabian, in 
Languedoc, and in Alface; at Neufchatel, in 
Switzerland ; in Scotland ; and in other places. 
Piffafphaltum and mineral pitch were formerly 
obtained from Babylon, in conftructing the 
walls of which place they were employed; from 
Ragufa, in Greece ; and from the marfh of Sa- 
mofata, the capital of Commagene, in Syria, 
At prefent they are procured from the princi- 
pality of Neufchatel, and from Vallengin, Puits, 
Pege, a league from Clermont-Ferrand, in the 
department of Puy de Dome, and feveral other 
places. 

17. With regard to the different fub-varieties 
mentioned, it is to be obferved, that they all 
appear to have the fame origin, and that they 
differ from one another only by fome particu- 
lar modification. Moft naturalifts and chemifts 
attribute the formation of petroleums to the 
decompofition of folid bitumens, by the action 

of 
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ofithe fubterrancous fires. They obferve, that 
naphtha appears to be the lighteft oil, which 
the fire firft difenzages; that what fucceeds it, 
affumine colour and confiftency, forms the 
different forts of petroleums; and that the lat- 

, by uniting with fome earthy fubftances, | 
or being altered by acids, acquire the charaéters 
of mineral pitch, or piffafphaltum. In fupport 
of this opinion, they make a very exact com- ” 
parifon of the phenomena exhibited by the dif- 
tillation of amber, which in fact affords a fort 
of naphtha, and a petroleum more or lefs 
brown, according to the degree of heat and 
time of the operation. ‘Finally, they obferve, 
that nature frequently prefents us with all the 
{pecies of petroleum, from the lighteft naphtha 
down to mineral pitch, in the Gite fpot, as in 
the cafe of the fluid bitumens obtained from 
Monte Feftino near Modena. 

18. For the reft, the chemical properties of pe- 
troleum have not yet been examined with fuffi- 
cient care. We only know, that naphtha is very 
volatile, and fo combuftible, that it catches firé 
if any thing burning be brought near it: it 
feems even to attract flame in confequence of 
its volatility. From the brown petroleum we 
obtain an acid phlegm, and an oil, which at 
firft tefembles naphtha, and which becomes co- 
loured as the diftillation advances. What re- 
mains in the retort is a thick matter like pif- 
fafphaltum, which may be rendered dry and 
brittle as afphaltum, and reduced entirely to 

: the 
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the éoally ftate by a ftronger fire. Alkalis have — 
little a¢tion on petroleum: fulphuric acid 
darkens its colour, and renders it thicker; ni- 
tric acid inflames it, as it does volatile oils: it 
eafily diffolves fulphur: it is coloured by metal- 
lic oxides: it unites with amber, part of which 
it foftens and diffolves by means of heat. 

19. The different kinds of petroleums are em- 
ployed for different purpofes in the countries 
where they abound. Kempfer informs us, that 
in Perfia they are ufed to give light, and are 
burned in lamps by means ef wicks. They 
may likewife be ufed to give heat. Lehman 
fays, that for this purpofe fome naphtha is 
poured on a few handfuls of earth, and kindled 
with paper; when it immediately burns brifkly, 
but diffufes a thick and very copious fmoke, 
which adheres to every thing, and the fmell of 
which is very difagreeable. It is fuppofed too, 
that petroleum enters into the compofition of 
the Greek fire. The-thick petroleum is em- 
ployed likewife for making a very folid-and 
very durable mortar. By boiling piffafphaltum 
with water an oil is obtained from it, which is 
ufed for tarring fhips. In India the flame pro- 
duced by a burning petroleum is worfhipped, 
and the heat it emits is ufed for dreffing vic- 
tuals, and burning lime. 

20. Lafily, eee phyficians have fuccefsfully 
employed petroleum in difeafes of the mufcles ; 
in palfy, debility, &c. by rubbing or fumigating 
the {kin withit. Van Helmont confidered fric- 
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tions with petroleum as a very good remedy for 
frozen limbs, and recommended them as an ex- 
cellent prefervative againft the aétion of cold. 


Vanrety IL 
Solid Bitumen, or Afphaltum. 


21. Afphaltum, or Jews pitch, called likewife 
funeral gum, amber of Sodom, mountain pitch, 
balfam of mummies, &c. is a black, heavy, folid, 
and fomewhat fhining bitumen. It breaks ea- 
fily, and its fracture is vitreous. A thin flip of 
this bitumen appears red when held between 
the eye and the ight. Afphaltum has no fmell. 
when cold, but acquires a flight fmell by rub- 
bing. It is found on the waters of the lake 
Afphaltites, or Dead Sea, in Judea, near which 
were anciently the cities of Sodom and Go- 
morrah. The people, incommoded by the fmell - 
which this bitumen diffufes as it les on the 
water, and encouraged by the profit they gain 
by it, colleét it carefully. Lemery fays, in his 
Diétionary of Drugs, that the afphaltum exudes 
as a liquid pitch through the ground which is 
covered by the Dead Sea, and that rifing to the 
furface of the water, it is there condenfed by 
the heat of the fun, and by the action of the 
falt, which that water contains in abundance: 
It is met with likewife on many lakes in China. 
Wherever piffafphaltum is found, the portion 
that is dried in the air becomes a fpecies of af- 
phaltum, 
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phaltum, which may be ufed for the fame pur- 
pofes as that of the lake of Judea. What is 
found near Neufchatel, in Switzerland, is thus 
- employed.. 

29. Naturalifts are divided in opinion refpeét- 
ing the origin of afphaltum, as of all the bitu- 
mens. Some imagine it to be a mineral pro- 
duction, formed by an acid united with an 
unétuous matter in the bowels of the earth: 
others confider it as a refinous vegetable fub- 
ftance, buried in the earth, and altered by mi- 
neral acids. ‘The moft general and moft pro- 
bable opinion is, that its origin is the fame with 
that of amber; and that it is formed by this 
laft bitumen, which has undergone the action 
of a fubterraneous fire. This opinion is founded 
on the circumftance that amber, melted and 
deprived of a part of its otkand falt by the ac- 
tion of fire, becomes black, dry, brittle, and 
perfectly fimilar to afphaltum: but it can be 
confirmed only by a comparative analyfis of 
afphaltum ; and this refiduum of amber and 
afphaltum has not yet been examined with the 
accuracy neceflary to afcertain this analogy. 

23. Afphaltum, when expofed to the- fire, 
melts, {wells up, and burns, emitting flame, and 
a thick fmoke, the fmell of which is ftrong, 
acrid, and difagreeable. By diftillation we 
obtain from it an oil coloured like brown petro- 
leum, and an acid water. By fufion it mixes 
intimately with f{ulphur, phofphorus, feveral 
metallic oxides, and particularly fixed and vola- 
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tile oils, refins, and gum-refins. It is no way 
altered by alcohol, which does not touch the 
bitumens in general. The action of ether on 
thefe fubftances is a little more perceptible, 
though very flight. 

24. The Arabs and Indians ufe sistant in- 
ftead of tar to coat fhips. It is ufed in the 
compofition of the black varnithes of China, 
and in fire-works to burn on water. The Egyp- 
tians employed it for embalming dead bodies ; 
but only for thofe of the poor, who could not 
pay for more coftly antifeptics. | Wallerius 
afferts, that fome merchants prepared a fort of 
afphaltum with infpiffated pitch, or by melting 
pitch, and mixing it with a certain quantity of 
real afphaltum: but this fraud may be detected 
by means of alcohol, which diffolves the pitch 
intirely, but only*acquires from the aiphaltum 

a Ba “ews colour. 


B. Coat. 


25. Coat has receivetl the names of pit-coal, 
Stone-coal, lithanthrax, from its combuftible pro- 
perty; and the ufe made of it in feveral coun- 
tries. It is found in the earth, moft commonly 
below ftones of lefs or greater hardnefs, fand- 
ftones, and aluminous and pyritous fchiftus. 
Thefe laft conftantly exhibit the impreffions of 
feveral vegetables of the family of ferns, moft 
of which, according to the obfervation of Ber- 
~nard de Juflieu, are exotic. The bamboo and 

banana 
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banana have been diftinguifhed in the pit-coal f . 
Alais. It lies more or lefs deep in the earth. It 
is always arranged in ftrata, either horizontal 
or inclined, but more frequently the latter. 
The beds or ftrata of which it confifts differ in 
-thicknefs, confiftency, colour, fpecific gravity, 
&c. Frequently over this bitumen are found 
beds of fhells, impreffions of fifth, and foffil 
madrepores, of greater or lefs extent, which 
has led fome moderns to fuppofe, particularly 
Citizen Parmentier, that pit-coal has been 
‘formed in the fea by the depofition and altera- 
tion of the oily or fatty matter of marine ani- 
mals. Moft naturalifts confider it as the produét 
of a refiduum of wood buried and altered by 
the water and falts of the fea. We frequently 
find above coal, plants and wood partly diftin- 
œuifhable, and partly converted into coally bi- 
tumen. Its formation appears to be owing to 
the decompofition of an immenfe quantity of 
land and fea-plants, and to the feparation of 
their oil, united with alumine and calcareous — 
matter. We cannot deny that animal matters 
hkewrle enter into its compefition. | 
26. Beds of coal are worked as mines, by 
finking pits and hollowing out rooms, the bitu- 
men being got out with pick-axes, or a fort of 
mattocks. The workmen who are employed 
im this are often expofed to the danger of 
lofing their lives by the elaftie fluids difengaged 
from it. This kind of mephite is called choke- 
damp, black-damp, or ftyth, by the colliers; it 
extinguifhes 
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extinguifhes the lamps, and appears to be car- 
bonic acid gas. In thefe mines too a very de- 
leterious kind of carbonated hidrogen gas is 
evolved, which fometimes produces dangerous 
explofions. 

27. Coal is very abundant in nature. It is 
found in England, Scotland, Ireland, Hainault, 
Liege, Siredeil Bohemit Saxony, &c. Several 
departments of France furnifh a great deal, par- 
ticularly thofe which occupy what was for- 
merly Burgundy, the Lyonnefe, Forez, Au- 
vergne, Normandy, &c. Though the Englith 
greatly excel the French in the art of working 
coal, and employing it for the ufeof man; and 
though they have expended large fums, and exe- 
cuted magnificent works for the purpofe, fuch as 
the fubterranean canal of the Duke of Bridge- 
water, which is near five thoufand metres long ; 
yet France poffeffes more wealth of this kind 
than England; and its indufirv, roufed by necef- 
fity, will foon equal that of its neighbour and 
rival. 

28, Coal has been diftinguifhed into ffone- 
coal and earth-coal, according to its hardnefs 
or friability : but the manner in which it burns, 
and the phenomena it exhibits in combuftion, 
afford much more important charaéters to dif- 
criminate its different. varieties. In this point 
of view Wallerius diftinguifhes three: 1ft, the 
fcaly - coal, which remains black after being 
burned: 2d, the compact and foliaceous coal, 
which, after having been burned, afford a 
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fpongy fubftance refembling fcorie: 3d, the 

fibrous-coal, like wood, which is reduced to 
afhes by combuftion. * 
29. Coal! heated in conta& with air, and fome 
other fubftance in a fiate of combuftion, kindles 
with a flownefs and difficulty proportionate to 
its gravity and compaétnefs. Once kindled, it 
emits a ftrong and lafting heat, and remains 
burning a long time before it is confumed: 
it may even be extinguifhed and employed 
feveral times over again. Its inflammable mat- 
ter appears very denfe, and as it were fixed 
by fome other incombuftible fubftance, which 
retards its deftruction. In burning it emits 
a ftrong and peculiar fmell, which however 
is by no means fulphureous, when the coal is 
very pure, and contains no pyrites. The 
combultion of this bitumen appears very ana- 
fogous to that of organic fubftances, as it is 
capable of being ftopped, and divided into two 
periods. In faét, the oily combuftible part, the 
moft volatile the coal contains, is diflipated in 
flame by the firft action of the fire: and if a 
{top be put to the combuftion, when all this 
principle is diffipated, the bitumen retains only 
the moft fixed and leaft inflammable portion of 
its oil, reduced to a truly charred ftate, and com- 
bined with an earthy bafe. By a procefs of this 
kind, the Englifh prepare their coke,. which is 
nothing but coal deprived of its oily and fu- 
fible part by the action of fire, 
| 50. We 
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30. We may fee clearly what paffes in the 
action of fire upon coal, by heating this bitu- 
men in clofe veffels, and in an apparatus for 
diftillation. Thus we obtain from it an ammo- 
niacal water, concrete carbonate of ammonia, 
and an oil, which grows darker coloured and 
heavier in proportion as the diftillation advances. 
At the fame time a great quantity of inflam- 
mable elaftic fluid paties over, which js con- 
fidered as an oil ina fiate of vapour, but which 
is hidrogen gas mixed with azote gas, carbon 
in folution, and carbonic acid gas. What re- 
mains in the retortis a fcorified coally fubftance 
full capable of burning: it is the Englifh coke. 
If we carefully obferve the aétion of the fire on 
very pure coal, we fhall perceive it evidently 
foftened, and feemingly undergoing a femi- 
fufion: now as we may imagine this ftate to be 
detrimental in the fufion of ores, it is of eflential 
importance to deprive the bitumen of this pro- 
perty. In this we may fucceed by divefting 
it of the principle, which occafions it thus to 
foften, namely, of the oil which it contains in 
great abundance, and by reducing it to a ftate 
fimilar to that of charcoal made from vegetable 
fubftances. * It is to be obferved, that the pretty 
confiderable quantity of ammonia furnithed by 
coal favours the opinion of its animal origin: 
fince, as will be feen in another place, the fub- 
ftances belonging to this clafs of compounds 
always yield ammonia when diftilled. This ana- 
a Jy fis 
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lyfis is effeéted in the great in particular works 
erected ‘in Scotland by Lord Dundonald. The 
oil, which is colleéted in refervoirs cooled by 
the water of a river that paffes underneath, is 
ufed as tar ; the ammonia is employed for mak- 
ing doe ohdedl muriate ; and the refiduum is 
very good coke. Gen Faujas has imported 
this ufeful art into France; and the experi- 
ments, which he has made on a fmall fcale at 
the Mufeum of Natural Hiftory, have fucceeded 
-extremely well: notwithftanding this, however, 
no works have yet been ereéted for carrying 
on this manufacture. After the combuttion of 
coal, its afhes contain fulphates of iron, mag- 
nefia, lime, alumine, or, if the combuftion have 
been very rapid, the bafes of thefe falts. 

- Coal is a combuftible every where ufeful, 
but particularly in countries where there is no 
wood. It is ufed for all domeftic purpofes ; 
and there is no reafon to fear the dangers which 
fome have afcribed to its ufe. The fulphureous 
vapour, which it is fuppofed to emit during 
combuftion, need not be dreaded, fince the moft 
accurate analyfis has proved to all chemifts, 
that coal, when pure, contains not a particle of 
fulphur. Hence, we fee how falfe and deceitful 
are the pretenfions of thofe ignorant men, who 
announce procefies for defulphurating this bi- 
tumen. Another confideration, which ought 
to induce us to derive all the advantage we can 
from coal, particularly in France, is, that as the 
working of mines confumes enormous quantities 
: of 
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of charcoal, there is reafon to apprehend we 
fhall, fome time or other, be in want of wood. 
It is particularly in works of this kind that we 
ought to endeavour te employ coal, as the 
-Enelith have long done: indeed its ufe begins 
to be eftablifhed in feveral fuch works, of which 
the famous iron founderies at Creufot, near 
Mount Cenis, and at Autum, afford great and 
ufeful examples. 

32. Purified coal, falfely called Lahaie 
is nothing but that which is deprived of its oil 
by the action of fire. This fort of charcoal 
burns without fmoke, without growing foft, 
without any ftrong fmell; in a word, it is 
real-coke; and on account of thefe properties, 
is preterred for burning in the teats of 
rooms. 

One of the great inconveniences of coal, befide 
the very abundant and thick fmoke it emits, 
which blackens all the furniture in a room, is, 
that the very rapid and copious current of airit — 
requires for its combuftton, carries up and volati- 
lizes part of its athes, which adhere to every thing 
around: but both thefe inconveniences may be 
remedied in great meafure by confiruéting the 
fire-place in a proper manner ; fo that the whole 
of the current excited by the combuftion may 
pafs up the chimney, without any part of it be- 
ing returned into the room. 

The great utility of this combuftible in France 
will be found more particularly in manufac- 
tories of every kind; and its ufe will occafion 

avery 
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a very great faving of wood for the purpofes of 
building and common fires. 


Shee. 


33. Jet, the gagates of the Latins, the black 
amber of Pliny, the pangitis of Strabo, is black, | 
hard, compact, vitreous in its fracture, and 
capable of acquiring a fine polifh by friction, 
which renders it electric. It is deftitute of fmell, 
but becomes flightly fetid when heated. It 
foftens and fwells up without melting com- 
pletely: it burns and diffufes a ftrong fmell 
during combuftion. 

84 We cannot miftake its origin, when we 
examine it attentively in the places where na- 
ture offers it to our view.  Naturalifts were 
miftaken in fuppofing that it was afphaltum in- | 
durated by time. It is mamifeftlv the produét 
of a flow decompofition of wood buried in the 
earth. In colleétions and cabinets we find 
pieces of wood converted into jet in one part, 
and yet evidently ligneous throughout the 
ereater portion of their fubftance. At St. Jean- 
de-Cucule, near Montpellier, and at Nifmes, 
feveral trunks of trees, very diftinguithable by 
their fhape, have been found changed into jet. 
Citizen Chaptal mentions a fhovel converted into 
jet throughout. The jet of Vachery, in the 
ci-devant Gevaudan, perceptibly exhibits the 
texture of walnut wood; and that of beech is 
feen in the jet of Bofrup, in Silefia. 

35. By 
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35. By difüllation, we extraét from it a 
little water and a brown oil, which is reétified 
by cohobation with argil, It yields lefs than 
fat coal. The fmell it emits in burning, 
and which diftinguifh its products, without 
being fetid like that of coal, is more po- 
tent, more pungent, and more fenfibly bitu- 
minous, or more analogous to that of amber, 
which will be mentioned prefently. 

36. Jet is wrought for making trinkets and 
ornaments for mourning. Bracelets, buttons, 
necklaces, and fnuff-boxes, are made of it at 
Wirtemberg and in France at Sainte-Colombe 
near Caftelnaudary. A quarry of it too is 
wrought at Beleftat, in the Pyrenees. 
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37. Amber, or yellow-amber, as it is fometimes 
called, 1s the mo{t beautiful of all the bitumens 
in external appearance. It is in irregular pieces, 
of a yellow colour, fometimes reddifh or brown, 
tranfparent or opaque, formed of coats or layers, 
and is fufceptible of a very fine polifh. When 
it is rubbed fome time, it becomes electric, and 
capable of attraéting ftraws. By the ancients, 
who were acquainted with this property, it was 
called eledirum, whence is derived our word 
eleciricity. — ? S 

38. This bitumen 1s of a pretty hard confift- 
ence, approaching, to that of certain fiones; 
which has induced fome authors, particularly 
Hartmann, 
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Hartmann, a naturalift who lived near the con- 
clufion of the feventeenth century, to rank it 
among the gems. It is friable, however, and 
brittle. The ancients too reckoned it in the 
number of precious minerals, and confidered it 
as approaching the diamond: accordingly, their 
poets have given it a place in fable. Some of 
thefe feigned it to be the tears of the fifters of 
Meleager, changed into birds, and weeping for 
their brother: others the tears of the fifters ot 
Phaeton, which were converted into amber as 
they fell into the waters of the Po. 

39. When amber is powdered it emits a fome- 
what pleafing fmell. Within it are frequently 
found | infeéts very well preferved, and very 
diftinguifhable; which proves that it has been 
fluid, and in this ftate enveloped the fubftances . 
we find in it. Amber is moft frequently buried 
at a greater or lefs depth. It is found under 
coloured fands, in little incoherent mafles dif- 
perfed on beds of pyritous earth; and over it is 
obferved wood impregnated with a blackifh bi- 
tuminous matier: whence it is fuppofed to be 
formed by a refinous fubftance, which has been 
altered by the fulphuric acid of the pyrites. 
It floats too on the borders of the fea, and is 
collected on the fhores of the Baltic in ducal 
Pruffia. The mountains of Provence, near the 
city of Sifteron, the Marquifate of Ancona, and 
the Duchy of Spoleto in Italy, Sicily, Poland, 
Sweden, and feveral other countries, likewife 
furnifh it. 

40, The 
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40. The colour, texture, tranfparency, and 
opacity of this bitumen have occafioned a con- 
fiderable number of varieties to be diftinguifhed, 
which may be reduced to the following accord- 
ing to Wallerius : | 

1. White tranfparent amber ; | 

2. Tranfparent amber of a pale yellow ; 

3. Tranfparent amber of a lemon colour ; 

À. Tranfparent amber of a golden yellow; the 
chryfelecirum of the ancients ; 

5. Tranfparent amber of a deep red ; 

6. White opaque amber ; 

7. Yellow opaque amber; 

8: Brown opaque amber; 

9. Amber, coloured green, or blue, by ex- 
traneous matters ; 

10. Veined amber. ~ 

It is not improbable that amber exifts in a 
cryftalline form, and perhaps it will be found 
like fulphur cryftallized in oétahedrons. 

Al. A ftill greater number of varieties might 
be diftinguithed by the accidental circumftances 
which it exhibits intérioufly: but the reader 
ought to be informed, with refpeét to the price 
attached to fpecimens of amber, remarkable for 
their fize, tranfparency, and the infects in a {tate 
of good prefervation that they contain within 
them, that it 1s poffible to be deceived in this 
article, as feveral perfons poffefs the art of giving 
it tranfparency, of colouring it as they think 
proper, and of foftening it fufficiently to be able 
to introduce into it foreign matters, Wallerius 

| informs 
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informs us, that the gold coloured amber always 
owes its tranfparency to nature; and that what 
has been rendered tranfparent by art is always 
of a pale hue. 

42. Though it is very probable, that this 
bitumen owes its origin to refinous vegetable 
matters, feveral naturalifts have entertained dif- 
ferent opinions refpecting its formation. Some 
have confidered it as the hardened urine of cer- 
tain mammiferous animals: others as an earthy 
juice, which the fea has feparated, and which, 
being thrown on the fhore by its waves, has 
there been dried and hardened by the rays of 
the fun. The latter have diftinguithed it as a 
peculiar mineral fluid. Such was the opinion of 
Philemon, an ancient naturalift quoted by Pliny; 
and it was afterward revived by George Agricola. 
Frederick Hoffmann imagimed, that amber was 
formed of a light oil, feparated from bituminous 
wocd by heat, and infpiffated by the acid of 
vitriols. This opinion of Hoffmann we cannot 
admit: for how is it to be conceived, that.an oil, 
feparated in the bowels of the earth, fhould con- 
tain aninials, which live only on its furface,? 
Hitherto it has been believed, that amber. ‘was 
produced by a refinons juice, which at firf 
flowed liquid from fome tree: that this juice, 
buried at a greater or lefs depth in the earth by 
the changes that have taken place on its furface, 
has been impregnated and hardened by mineral - 
and faline vapours circulating in the interior 
parts of the globe. There is no probability of 

its. 
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its having been altered by concentrated acitls, 
for experience teaches us, that the action of thefe 
acids would have blackened it, and reduced it 
to the ftate of charcoal. Pliny thought that 
amber was nothing but thé refin of the fir, har- 
dened by the autumnal cold. Mr. Girtanner 
believes it to be a vegetable oil, rendered con- 
crete by the acid of ants. According to this 
author it is the fpecies that Linnæus calls formica 
rufa, by which it is prepared. Thefe infeés 
inhabit the ancient foreits of firs, where the 
foffil amber is found, which is duétile as melted 
wax, and becomes hard in the air. 

43. Amber does not melt on expofure to the 
fire without a pretty ftrong heat: it foftens and 
fwells a great deal, without flowing in drops, 
which diftinguithes it from the refins, as thofe 
melt completely. When it is heated in contact 
with air, it inflames, and diffufes a very thick 
and highly fcented fmoke. Its flame is yel- 
lowifh, variegated with green and blue. After 
combuftion it leaves a /hining black coal, which 
yields by incineration a very {mall qtantity of 
a brown earth. Bourdelin fays, in his paper on 
amber (Acad. 1742) that he obtained not quite 
a eramme of this earth by burning a kilogramme 
of amber in a teft. Two hectogrammes and half 
of the fame bitumen, burned and calcined in a 
crucible, afforded him in a fecond experiment 
two thirds of a gramme of earthy refiduum, from 
which he obtained iron by the help of the 


magnet. | 
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44, If amber be diftilled in a retort, and by a 
graduated fire, we firft obtain phlegm of a red 
colour, which is manifeftly acid: this acid 
liquor retains the ftrong fmell of the amber. 
Afterward a volatile acid falt comes over, which 
cryftallizes in fmall white or yellowith needles 
in the neck of the retort: to this falt fucceeds 
a light, colourlefs.oil, of a very brifk fmell. 
‘This oil gradually grows coloured as the fire 
gets ftronger, and becomes at length brown, 
blackifh, thick, vifcous, like the empyreumatic 
oils.. While thefe two oils are coming over, a 
certain quantity of volatile acid fublimes, which | 
is more and more coloured. After this operation 
there remains in the retort a black mafs, having 
the fhape of the bottom of the veffel, brittle, and 
refembling afphaltum. . George Agricola made 
this obfervation on the refiduum of amber after 
‘diftillation near three centuries ago. If this 
operation be conducted with a gentle and well 
managed fire, and if a large quantity of amber 
be employed, all thefe products may be obtained 
feparately by changing the receiver. In general 
they are received into one veffel, and rectified 
afterward by a gentle heat. By this rectification 
the acid lofes part of its colour. The oil, which | 
‘becomes black toward the end of the operation 
only becaufe it carries with it a portion of coally 
matter, and becaufe the acid has re-a¢ied on its 
principles, may be rendered very clear and very 
light by feveral fucceflive diftillations. Rouelle 
| the elder has given a very good procefs for ob- 
eoWVon VILLI. Z. taining 
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taining it in this ftate by à fingle operation. For 
this purpofe the oil mutt be put with fome water 
into a glafs alembic, añd diftilled with a heat 
equal to that of boiling water. » The pureft por- 
tion, which alone is volatile at this temperature 
on account of its lightnefs, comés over with 
the water, on the top of which it collects. If it 
be intended to continue in this ftate,. it muft be 
kept in ftone bottles ; for the rays of light, that 
permeate glafs, will turn it yellow, ‘and even 
brown, gee a time. . 

This analy fis demonftrates, that amber is formed 
of a large quantity of oil combined with an acid. 
It contains alfo a very {mall quantity of earth, 
the nature of which has not been examined, and 
a few particles of iron. 

Oil of amber appears to approach the volatile 
oils: it has their volatility, their fmell; it is very 
inflammable; it appears capable of ae Ne 
ine alkalis. | 

. The fuccinic.acid, viré was at firft alted: 
Ee of amber, was confidered for fome 
time as an alkaline falt. Glafer, Lefevre, Charas, 
and John Maurice Hoffmann, profeflor at 
Altdorf, were of ‘this opinion. Barchufen and 
Boulduc fenior were the two firft chemifts, who 
difcovered the acid nature of this falt toward 
the end of the feventeenth century. All the 
chemifts fince them have adopted this difcovery, 
but they have not agreed concerning the nature 
of this acid. Frederick Hoffmann, confidering ~ 
el BR br was found in Pruffia, under ftrata of 
| fubftances 
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fubftances abounding with pyrités, fuppofed this 
falt to be formed by falphuric acid. Neuman 
appears to have entertained the fame opinion. 
Bourdelin, in the paper quoted above, relates 
feveral experiments he made to afcertain the 
nature of this acid. He obferves in the firtt 
place, that the acid of amber, obtained by the 
diftillation of this bitumen, however white and 
pure it may be, always contains fome oleaginous 
matter: to this matter no doubt it owes its 
- fmell with the fort of combufiibility it poffeffes, 
which it exhibits when thrown on burning coals: 
He tried feveral means of freeing it from this 
fabftance : alcohol would not anfwer his purpofe: 
fixed alkali alone, digefted 6n amber with a view 
to take from it its fat and oily part, and obtain 
its falt feparate, was equally unfuccefsful ; for it 
only diffolved a little bitumen, and'acquired a 
lixivial and falt tafte hke muriate of foda. In 
fine, Bourdelin could difcover no better procefs 
- for uniting the acid of amber pure and deprived 

of oily matter with fixed alkali, than detonating 
a mixture of two parts of nitre with one part of 
this bitumen. He lixiviated the tefiduum of this 
detonation with diftilled water. This lixivium 
was of an amber colour : it precipitated the nitric 
folution of filver in white flakes, and that of 
“mercury of the fame colour.  Séveral other me- 
tallicdolutions were equally decompofed by it : 
but -Bourdelin confidered only thefe ‘two as con- 
‘clufive. They appeared to him to fhow, that 
the acid of amber is the fame with that of marine 
408 Z 2 falt, 
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falt, fince it exhibits the fame phenomena with 
the nitric folutions of mercury and filver. The — 
lixivium of the detonation of amber with nitre, 
having been fuffered to evaporate in the open 
air, afforded a mucilaginous fubftance, in the 
midft of which were gradually depofited elon- 
gated fquare cryftals, the figure of which, their 
falt tafte, their decrepitation on burning coals, 
and particularly their confiderable effervefcence, 
as well as the fmell of muriatic acid which they 
emitted, when concentrated fulphuric acid was 
poured upon them, indicated to our author, 
that this muriatic acid was united with the bafe 
of nitre in them. | 

46. Notwithftanding this analyfis, which is 
very accurate for the timé when Bourdelin made. 
it, the chemifts who have fince examined the 
acid of amber have not found it analogous to 
the muriatic acid, but have difcovered all the 
characters of an oily vegetable acid in it. 
Bergman, who appears to have adopted this 
opinion, gives the following details of the pro- 
_ perties and eleétive attractions of this fubftance. 

The fuccinic acid, obtained by fublimation, 
and purified by fucceflive folutions and cryftal- 
lizations, forms cryftallizable and deliquefcent 
neutral falts with pot-afh and ammonia. 

With foda it yields a falt, which does not 
attract the moifture of the air. 

United with lime, and with barites, it pro- 
duces falts but little foluble. Magnefia forms 
with it a thick fubftance like gum. 

It 
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It diffolves metallic oxides, and the fuccinates 
produced by thefe folutions are moft of them 
cryftallizable and permanent. | 

Barites, lime, and magnefia, according to him, 
take the fuccinic acid from pot-afh and foda. 
Barites decompofes the fuccinates of lime and 
magnefia, and lime-water precipitates magnefia 
from its union with this acid. 

47. The examination of the chemical proper- 
ties of this bitumen has been carried no farther. 
Even the manner in which acids are capable of 
acting on itis not known. Frederic Hoffmann 
afferts, that it may be entirely diffolved in 
lixivium of cauftic alkali, and in fulphuric acid. 
We know too, that the volatile oil of amber is 
capable of uniting with cauftic ammonia, and 
forming by fimple mixture and agitation a fort 
of liquid foap, of a milky white colour, and a 
very pungent fmell, which is prepared in the 
fhops under the name of eau-de-luce: and laftly, 
that this fame oil diffolves fulphur by the help of 
a fand-heat, and forms a preparation called fuc- 
cinated balfam of fulphur. 

48. Amber is employed in medicine as an anti- 
fpafmodic: it has been recommended in hyfte- 
rical affections, fupprefied menftruation, go- 
norhoea, fluor albus, &c. It is adminiftered in 
its native ftate, after having been wafhed with 
warm water, and reduced to a fine powder by 
levigation. It is particularly ufed for corrobo- 
rant and refolutive fumigations, the powder of 
this bitumen being thrown on a hot brick, and 

the 
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the fumes it emits being direéted to the part on 
; which it is intended to act. 

The liquid acid of amber, and its concrete 
acid, are both confidered as pectoral, incifive, 
cordial, and antifeptic., They are likewife pre- 
{cribed as powerful diuretics. 

The oil of amber is employed exter nally and 
internally for the fame purpofes as amber itfelf; 
but it is adminiftered in fmaller dofes, as its 
activity is greater, 

The fuccinated balfam of fulphur, which is 
given in dofes of a few drops in appropriate 
liquors, or mixed with other fubftances to form 
pills, has been found beneficial in humoral and 
pituitous affections of the lungs, kidneys, &c. 

A. fyrup is prepared with the liquid acid of 
amberand opium, called fyrup. of amber, which 
is adminifiered with advantage as anodyne, anti- 
fpafmodic, and a foother of pain. 

The eau-de-luce, which is prepared by drop- 
ping a few drops of oil of amber into a phial 
full of cauftic ammonia, and fhaking the MIX: 
ture till it has acquired a milky white colour, 

has long been ufed as a verv active ftimulant in 
funcope: it is held to the noftrils, the nerves 
of which it ftimulates; and by the fhocks it 
excites, it reanimates the motions of the fluids, 
and revives the patient. aS 

49. The fineft pieces of amber are cut and 
turned in the lathe to make vafes, heads. for 
canes, necklaces, bracelets, Mee &c. 
Trinkets of this kind are no longer prized 

| among 
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among us, fince diamonds and precious {tones 
have been in fafhion ; but they are fent to Pertia, 
China, and feveral other countries, where they 
are {till efteemed as great rarities. Wallerius 
fays, that the moft tranfparent pieces may be 
ufed for making microfcopes, burning mirrors, 
prifms, &c Its faid, that the King of Prufiia 
has a burniug mirror of amber a foot in diame- 
ter ; and that there are in the cabinet of the 
Duke of Tufcany a pillar of amber ten feet high, 
and a.very fine chandelier made of the fame 
fubftance. Two pieces of this bitumen may be 
united into one by wetting them with a folutiôn 
of pot-afh, and joining ne together after 
heating them. 


Section IV. 
Of Petrified Wood. 


50. The laft alteration to be confidered in 
vegetables buried in the earth relates to what 
is called petrified wood, or petrified vegetable 
fubftances in general. A word or two will be 
futficient, to give a proper idea of this pretended 
alteration. It: Is a great error to fuppofe, that a 
vegetable fib tine is converted into filex, as 
che term of petrified wood feéms to imply. We 
cannot doubt, however, that there exit foffil 
lilicified fubftances, which exhibit the form and 
ya 2 texture, 


g 


344 PETRIFIED WOOD. 


texture, not merely of wood in general, but 
even of particular kinds of wood. In reality it 
is not from the appearance of fimple fibres, as is 
fo often done, that we can diftinguith a petrified 
wood. Moft of the fpecimens we find under 
this name in colleétions of natural hiftory are by 
no means real ligneous fubftances, they are only 
{pecies of jafper with lines or ftreaks in the fhape 
of fibres. For a foflil to be juftly ranked in the 
genus of petrified wood, the ligneous fibres, or 
rather what occupies their place, muft be ar- 
ranged in concentric and annual layers, and 
befides, the prolongations of the medullary fub- 
ftance, iffuing from the centre and fpreading to 
the circumference, muft be difcernible among 
them. 

51. Where this laft mentioned ftructure exifts, 
it announces a petrified wood, and it is the only 
firucture that does fo inconteftibly. At the 
fame time it is well known, that we are not by. 

this to underftand the original woody fubftance 

entire, with its figure, texture, and dimenfions, 
to be converted into filiceous matter: it: is 
neceffary to form a different idea of this foffil, 
bearing as it does an organic appearance. The 
wood, the tree, the leaves, the fruit, or whatever 
other vegetable fubftance is improperly termed 
petrified, has been deftroyed gradually, . and 
almoft-atom by atom, in a moift earth, where 
it has left a hollow. mould, as gradually filled up 
by filiceous earth, :which the water has brought 
thither. | Thus it is not in reality wood petrified, 

: but 
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but fimply wood replaced by filiceous matter, 
mixed likewife with other earths and with me- 
tallic oxides. This kind of filicification there- 
fore, is a proof of the complete deftruétion of the 
vegetable matter, and of the difappearance of 
every thing that conftituted its elements. There 
is nothing beyond this in the alterations, of 
which vegetables are fufceptible, 
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SIXTH ORDER OF FACTS 
. RESPECTING VEGETABLE COMPOUNDS, . 


Of the Chemical Phenomena, which. living Vege- 
tables exhibit, or Vegetable Phyfiology ex- 
plained by Chemical Powers. 


ARTICLE I. 


Of Vegetables confidered as a fort of Chemical 
Implements or Apparatuffes. 


1. IN the beginning of this feétion I remarked, 
that vegetables might be confidered as beings 
intended by nature to begin the organization of 
crude matter, to form triple combinations of 
fimple fubftances, compounds to which nothing 
analogous can be found among foflils properly 
fo called, to difpofe thefe primitive materials 
of the earth and atmofphere in order to become 
the fource of life, and confequently to eftablifh 
a communication, or uninterrupted patlage, be- 
tween minerals and animals; fo that the life of 
animate beings could not be maintained without 
the procefs of vegetation. 

2. From this phenomenon, now fufficiently 
proved, it follows, that plants are truly chemical | 
apparatuffes or implements, employed by nature 
to produce combinations, which would not take 
wpe place 
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place without thefeimplements, and which cannot 
exift without vegetable organization: butnature, 
as admirable in the fimplicity of her means, as 
in the conftancy and regularity of her operations, 
finds in one and the fame mechanifm both 
vegetable organization itfeif, and the appropria- 
tion of crude matter neceffary for the fupport of 
animal life; or rather one of thefe movements 
is the unavoidable confequence of the other,. 
as they neceffarily accompany and are abfolutely 
dependant on each other. 

5. Thus the analyfis of vegetables ought not 
to be confined to the chemical examination of 
fubftances extracted from plants, and already 
deprived of life; it fhould be extended to the 
confideration of the properties of thefe fubftances 
-contained entire in vegetables, and fharing their 
vital movements ; it fhould inquire into the pro- 
duction of the feveral changes they undergo, the. 
fucceffive ftages by which they are elaborated, 
and the ufes which each is deftined to fulfil in 
yegetable life. It is the whole of thefe faéts 
which I term the chemical phenomena of living 
vegetables, and which I place at the end of the 
five orders of facts previoufly examined, becaufe, 
the knowledge of thefe was calculated to lead 
us to the knowledge of the others. 

4, Previous to the rife of the pneumatic, che- 
mifiry, fcience poffeffed no means of ftudying, or. 
even of forming an idea of this beautiful part of 
phyfics. The firft experiments that were made, 
from thofe of Hales to thofe of Duhamel. and, 

Bonnet, 
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Bonnet, feemed to belong to knowledge of a 
different clafs from any thing chemiftry could 
furnifh; and this fcience, at that time too 
modeft, and too much confined in its views, was 
employed merely inextracting, feparating, puri- 
fying, and preferving the different materials of 
plants, and particularly in applying them to 
medicinal purpofes. It was the difcovery of 
elaftic fluids, that produced a more intimate 
connexion between the views of chemiftry and 
thofe of vegetable phyfics ; and led us to perceive, 
that it would be thenceforward impoñfible to 
ftudy and conceive the mechanifm of vegeta- 
tion, without combining the data and the means 
furnifhed by chemifiry with the experiments 
formerly made. 

3. Accordingly from this period chemical and 
pneumato-chemical apparatuffes began to be em- 
ployed for ftudying the phenomenaof vegetation ; 
for afcertaining what it is that plants derive from 
earth, air, and water, what they borrow from light 
and heat, how the matters they abforb afford 
them nutriment, and how they become vegetable 
compounds ; in a word, in what vegetable life 
really confifts. This firft labour opened a new 
and vaft career to natural philofophers, in which 
they have yet advanced but afew fteps; a career 
befet with difficulties far greater than the analyfis 
of dead vegetable fubftances. It is a rapid 
{ketch of thefe firft fteps, and of the difcoveries 
to which they have led, that I range in this laft 
order of facts. 
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ARTICLE Il 
Ofthe Nutrition of Vegetables in general. 


1. When we refleét on the end which chemiftry 
ought to propofe to itfelf, in explaining the yet 
myfterious mechanifm of vegetation, we perceive, 
that the firft and moft important problem it has 
to folve confifts in determining how crude or 
inorganic matter, foffil or aériform fubftances, 
received into the veffels of plants, there take 
the nature of vegetable compounds: how with 
fimple fubftances, or binary compounds, vegeta- 
bles form the matters which elongate, unfold, 
enlarge, and nourifh them, increafe their bulk, 
and thus give birth to all the fucceflive phe- 
nomena which their life exhibits. 

2. To find the folution of this problem, it 
muft firft be obferved, that, in moft circum- 
{tances of vegetation, the matters, which ferve 
as the primary nourifhment of plants, feem 
reducible almoft to nothing, when their tenuity 
is compared with the folidity of vegetables. We 
know, that a number of vegetables grow on 
hard and folid ftones, which can impart nothing 
to them: that fuch is the firft vegetation, w hich 
takes place in lichens and moffes on quartz and 
granite: and that apparently the matter by 
which plants are nourifhed may be brought to 
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them folely and abfolutely by the air, fince rf 
cannot be imagined, that the filex condenfed 
in ftones caf anfwer this purpole _ 

3. The fame reflection may be made on plants, 
and even on trees, fometimes of confiderable 
bulk, which fpring up in pure fand, grow and 
even fhoot forth deep roots in compaét fand-. 
ftones, or in the clefts of lava of extreme hard- 
nefs. After this we muft not be aftonifhed, to 
fee the ftones of buildings covered with vegeta- 
tions, the fmallnefs of which and their extenfive 
furfaces announce, that the contaét of air alone 
is fufficient for their exiftence. | 

4, But 1f we may conclude from this general 
and conftant obfervation, that folid or pulveru- 
lent aliment is not abfolutely neceffary to vegeta- 
bles, it is not the fame with regard to light, 
caloric, air, and water. ‘Foo many facts here 
concur to leave us any doubt, that thefe fub- 
ftances, fo abundant around the globe, on its 
furface, or in its cavitics, and which nature has 
placed in every part, are indifpenfable to their 
exiftence: and that in the abfence of more fub- 
ftantial nourifhment, which the foil fo frequently 
refufes, plants draw from thefe immenfe refer- 
voirs of life and matter the fubftance requifite 
for their fupport. We mutt therefore feparately 
examine the influence of each of thefe primitive 
matters on vegetation. 
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Artrer® HI. 
A the Influence of Lie on Ve egetation. 


‘a IT is a fact te known, that esha | 
is very ftrikingly affected by the light of the 
fun... Plants appear to feek it, and to turn 
toward the fide whence it comes. It is obferved | 
on the mantlepieces, on. which bulbous rooted 
flowers are put to grow ; for thefe flowers incline 
toward the windows. It is remarked in forefts, 
where trees are very clofe together : in this cafe 
the trees fhoot upward, and by their: vertical 
pofition feek the light one over the other, accord- 
ing to their vigour. ‘Their afcent.1s even pro- 
_moted by planting them at little. diftance from 
each other. 

2. This kind of affection in vegetables abr lité 
is fuch, that we fee plants: scie sd under wooden 
frames which have but a few chinks, and where 
the air circulates underneath, incline toward the 
chinks, and bend down to feek the rays of light. 
Herbs fown in fubterraneous places {hoot toward 
the air-holes, and rife along the paflages through 
which a portion of light is tranfimitted. 

3. All vegetation that takes place in the fhade 
1s accompanist with phenomena, which ftrongly 
prove the influence of light. From the feeble 
herbs which grow beneath fiones, between fhady 

‘tufts 
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tufts of mofs, or in the fubterranean cavities of 
mines, to thofe which are fown for the purpofe 
in cellars ; thefe vegetables every where exhibit a 
loofe, foft, and watery texture, herbaceous and 
flender {talks or fhoots, without vigour, without 
tafte, without colour. Their fibres, drenched with 
fluids, and as it were cedematofe, never affume 
the woody character. Their tafte is always 
aqueous and infipid; they never become aromatic 
or odoriferous. They are generally called etio- 
lated or blanched plants. The fame phenomenon 
takes place in leaves which envelope and cover 
-one another; either by enfheathing, or by folding 
overone another, as in lettuces, fuccory, carda- 
moms, which gardeners keep clofe together by 
bands, and in cabbages, &c. The external 
leaves are very green, thofe within are white 

and etiolated. | | 
4. On the contrary, the places where light 
falls more direétly, the climates fituate under 
the equator, or near the equinoétial line, abound 
with hard, woody, coloured, aromatic vege- 
tables. Thefe are the country of hard woods, 
of very dark and often folid leaves, of volatile 
oils, of refins, of the camphor principle of aro- 
matics, of very fapid and powerfully medicinal 
plants, and even of the moft terrible vegetable 
poifons. This effeétis very ftriking alfo in tem- 
perate climates, with refpeét to plants growing 
freely in the open air, in fields where they re- 
ceive the light of day on every fide, compared 
with others of the fame fpecies raifed by art in 
the fhade of under-ground places, as ‘has been - 
done 
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done with different varieties of endive and fuc- 
cory, cultivated for winter fallad. 

5. This influence of light is fhown even by 
the effect of lamps, we Barton to the interefting 
experiments of Citizen Teffier at Paris, and of 
Mr. Humboldt at Berlin. The latter gentle- 
man, it is true, has proved moreover, that the 
contaét of fome other elaftic fluids‘may in a 
certain degree fupply the place of light, and 
_ produce analogous effeéts, as I fhall fhow far- 
ther on: but it is not the lefs true, that the 
artificial light of lamps produces an action 
fimilar to that of natural light; and that by 
increafing their number, we may produce in ve- 
getation phenomena more or lefs fimilar to thofe 
which are feen to be effected by the rays of the 
fun. 

6. The caufes of this effect of light on vege- 
tation have not yet been decidedly difcovered, 
or at leaft fo confirmed, that no doubt about 
them remains in the minds of natural philo- 
fophers. Some think that it is by a real com- 
bination with vegetable matter that it changes 
its nature, and that it particularly efteéts its 
combination: others affert, that its contaét 
merely favours thedecompofition of water and 
carbonic acid, and the fixation of the hidrogen 
of the one and the carbon of the other, in the 
vegetable compounds, and the evolution of their 
oxigen ina ftream of gas. We fhall fee prefently, 
in the fubfequent articles, the faéts by which I 
am led to imagine the fecond opinion more pro- 
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bable than the firft. Still it muft be obferved, that 
the effeét of light on: vegetables, to whatever 
caufe it may be owing, is to warm them, to in- 
creafe their power of Fee to refift the feptic 


‘decompofition, to colour them, to give rife to 


oleaginousy/aromatic and acid fubftances, to pro- 
mote the evolution of oxigen gas, and to ren- 
der vegetation in general very aétive. 


Arrreze IV. 
Of the Influence of Air on Vegetation. 


.1. THE great influence of the air on vegeta- 


tion is no more to be doubted than that of light ; 


or rather even thofe natural philofophers, who 
do not confider its influence to be fo powerful, 
at leaft admit the great neceflity for air in this 
operation of nature; and in faét all the pheno- 
mena, which plants exhibit, combine to prove 
the utility and even neceffity of air in vegeta- 
tion. The vigour with which plants thoroughly 
expofed to it ap forth, and the languor which 
vegetables deprived of it. ee. are well 
known. 

2. It isa very certain and conftant faét, that 
there is not one plant, which, if confined under 
a veflel where the air is not renewed, though 
all other circumftances fhould be completely fa- 
vourable to it, would not die in a longer or 

fhorter 
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fhorter time, according to the quantity of this 
fluid allowed it: while if it be taken out of this 
prifon, the moment it begins to droop, and 
placed 1 in the open air, orif frefh air, efpecially 
oxigen gas, be let into the veffel, it foon re- 
fumes its priftine firength and vigour. This 
phenomenon is feen on a much larger fcale, 
when we compare the diminutive ftate arid little 
growth exhibited by the fame plant ina clofe 
and confined garden, with the fize which it 
acquires in a fpacious ficld; the fmallnefs of 
crops of corn in the neighbourhood of trees, 
with the abundance afforded in an open coun- 
try; the difference in many vegetables grow- 
ing in the depth of dark Sad fhady forelts, 
ou the height and ftrength they attain in an 
open HEAR En, and on the ridges of hills or 
mountains. | ) 
_ 5. But in what does this influence confifi, 
and where is the caufe to be found ? The air of 
the atmofphere is a fluid that abounds with 
fuch different matters, befide the proper nature 
of its two component parts, oxigen gas, and 
azote gas, and the {mall portion of carbonic acid 
eas, which it always contains, particularly with 
regard to the very different quantities of wa- 
ter, which it diffolves according to a multi- 
tude of various circumftances, that it is very 
difficult to determine by what material it is fo 
eminently and indifpenfably conducive to ve- 
getation. Hence, this part of the problem of 
the phyfiology of vegetation is yet perfeétly — 
Aa 2 ew 
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new, and has never been folved. Natural phi- 
lofophers have offered different hypothefes, the 
truth of ‘which. has not yet been confirmed by 
experience. Some have fuppofed, that air, pe- 
netrated into vegetables, and fupported life in 
them by. a Bea of refpiration, as it dues in 
animals. Hales. was inclined to this idea, from 
his experiment in which he had feen the air 
pafs into the ftalks of plants, when he made a 
vacuum round the lower part of them inclofed in 
the receiver of an air-pump. But this experi- 
ment affords nothing applicable to the me- 
chanifm of vegetation, fince the vacuum, which 
is the caufe of this paffage of the air, can never 
take place in plants. We can never find any 
thing in thefe that refembles the refpiration of 
animals. a 

4, Other natural philofophers have fuppofed 
that the air conveys nourifhment to plants, and 
that it is wholly, or almoft wholly, derived to 
them from the atmofphere; that for plants to find 
their nourifhment m it, this fluid muft always. 
contain an equal proportion of its two elaftic ~ 
fluid principles; that when its oxigen gas, 
which is particularly fubfervient to vegetation, 
is exhaufted, it can no longer maintain this 
operation, and then the plants die. As to the 
neceffity of this renovation, they admit it in 
that of receiving a fort of excrements, or a ve- 
œetable perfpiration, which converts its oxigen 
gas into Carbonic acid, or in that of furnifhing 
by its abforption one of the aliments s of the ve- 

: getable, 
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getable.. Both thefe ideas may be true at the 
fame time. No direét or fufficiently accurate 
experiment has yet proved, that either of them 
merits our exclufive preference to the other. | 

5. The neceflity of air to the fupport of ve- 
getable life appears to depend fo effentially on 
the prefence of oxigen gas in this fluid, that, 
according to the experiments of Mr. Ingen- 
houfz, RE may be made to vegetate in gafes 
that are not refpirable, particular ly j in azote gas 
and hidrogen gas, provided.a certain quantity 
of oxigen gas be introduced intothem. It ap- 
pears that the oxigen gas, becoming the reci- 
pient of the carbon given out by the plants, 
which is one of their excrements, thus patfes to 
the ftate of carbonic acid, which is capable 
itfelf of ferving anew the purpofes of vege-: 
tation, as [ fhall fhow in one of the following 
articles. 


ARTICLE V. 
Of the Influence of Water on Vegetation. 


1. WATER is fo ufeful to vegetation, and 
this utility is fo apparent to all men, that the 
majority of natural philofophers confider it as 
the primum mobile of the growth of plants, and 
as the moft ufeful of the matters that enter 
into tne compofition, from the date of the ex- 

periments 
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periments of Van Helmont, Boyle, and Duhamel, 
who made trees grow in pure water for many 
years; to thofe of Tillet, who has proved that the 
nature of the foil in which feeds germinate is 
almoft indifferent, and that they require fearcely 
any thing for their generation but the prefence 
of water. All the experiments of philofophers, 
all the obfervations of naturalifts and hufband- 
men, combine to prove the great utility of water 
in vegetation: and its fuperior importance to 
all other matters is a faét generally acknow- 
ledged, on which no doubt can arife, and the 
explanation of which has much engaged the 
attention of the learned. — 

2. If ftill more to confirm this, primary in- 
fluence, this great utility of water in vegetation, 
it were neceffary to add to the accurate but 
always confined experiments of natural philo- 
fophers effeéts equally conclufive by their au- 
thenticity and magnitude, experiments made on 
a large fcale, we might cite the fertility of 
places always wet, he of watered mea- 
dows, the advantage that land through which 
rivulets flow poffeffes over a dry and ae {oil, 
we might appeal to the celebrated experience 
of the annual inundations of the Nile, and the 
fertility of Egypt in confequence ‘of this in- 
undation, confidered by the inhabitants as the- 
efpecial favour of Heaven.  Faéts borrowed 
from practical agriculture, and the hiftory of 
the productions of different countries, would 
_furnith irrefragable proofs of this well eftablithed 
influence 
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influence of water on vegetation, proofs that 
might even be ftill more accumulated with 
advantage. Another equally ftriking might be 
found in the remarkable induftry of the gardeners 
who cultivate the marfhes near Paris. From 
thefe marfhes, fituate all around that vaft city, 
they derive great profits, they cover the ground 
with abundant and uninterrupted crops, and 
they are indebted for this almoft aftonifhing | 
feries of vegetable production to the enormous 
quantity of water, which they. are inceffantly 
conveying into their grounds, and the continual 
waterings, with which they fertilize them. 
3. One important queftion arifes refpectine: 
this influence of water in vegetation: to en- 
deavour to folve it, we muft begin with obfery- 
ing in what manner it acts on the different 
organs of plants. There is no doubt that it 
paffes through the roots; fince a dry, withered 
plant ereéts itfelf, is refrefhed, and continues to 
vegetate, when its roots are put into water; 
fince we fee coloured liquors afcend in the vef- 
fels of young white radicles, and impregnate 
them with their colour; and laftly, fince every 
plant, every tree of which the roots are more 
or lefs watered or humeétated, pufhes with 
more or lefs vigour, and fulfils all its functions. 
This water afcends into the ftalks, and diffufes 
itfelf through all the parts of plants; it flows 
off or efcapes in part by the leaves, which pour 
it out into the atmofphere ; and the more abun- 
dant this tranfpiration is, in confequence of the 
heat 
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heat and diflolving quality of the air, the 
more confiderable is the fuétion of water by the 
roots. | ny 
A. It is equally indubitable, that germination 
is produced, if not exclufively, at leaft in part, 
by the help of water; fince feeds before they ger- 
minate require its abforption ; fince all dry mat- 
ter excludes germination; and fince moitt earth, 
or fome wet fubftance or furface, is neceffary to _ 
occafion it. It does not appear, however, that 
it can take place from the aétion of water alone, 
and that feeds wholly immerfed in water can 
germinate: it is even imagined, that this does 
not take place in aquatic plants, the feeds of 
which fhoot out only on the furface of the wa= 
ter, and fome of which afterward fink: in the 
veffel, in order to attach to it their roots. But 
is it only by thefeeds during germination, and 
by the roots during vegetation, that water thus 
penetrates vegetables; and is there no other 
way, by which it introduces itfelf into plants? 
5. Moft of the natural philofophers, who have 
employed their attention on vegetable phy fics, 
have thought that the leaves of plants were full 
of veffels and abforbent pores, by which they 
inhaled or fucked up from the atmofphere the 
water feparated from it in the ftate of dew, and 
that this abforption, which might fupply the 
place of that of the roots when the earth was 
dry, was carried on particularly by night, and 
when the dew fell. In fupport of this opinion, 
fome have even-adduced the difference between 
the two furfaces of leaves, fo well obferved by 
Bonnet, 


2 


ON VEGETATION: 36] 


Bonnet, and which is fo great in their ftruéture 
as well as functions, that, if placed on water 
with the lower or rough furface next to it, the 
leaves remain green, and vegetate; but if placed 
on it with the upper or fmooth furface down- 
ward, they dry and perifh, or livea much fhorter 
time than the others. The former furface was 
efteemed abforbent or inhalant, and the latter 
exhalant. But we do not fee how, or by what 
power, the water of the atmofphere can pe- 
netrate them; how it can infinuate itfelf into 
the veffels of plants, without repelling the 
fluids contained in thofe veffels, unlefs we fup- 
pofe a vacuum; and this, we know, is not de- - 
monftrated. Ce 

6. In whatever manner, or by whatever way, 
water infinuates itfelf into the veffels of plants 
itis {till certain that it paffes through them con- 
tinually, that it penetrates all their organs and 
every part, that it is inceffantly renewed in 
them, and that this renovation and circulation 
are neceflary to the exiftence of vegetables, 
fince the ftrength and quicknefs of vegetation 
pretty accurately correfpond to the quantity of 
water abforbed.. Nothing more is wanting, 
* than to know for what purpofe water is ufeful 
in the nutrition of vegetables; for the growth 
of plants is the effeét of its introduction into 
their interior parts, its ftay there, and its paf- 
fage through them. All that the ftate of fci- 
ence has hitherto enabled us to difcover is what 
follows. : The water which paties into the roots, 
and 
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and is filtered through them, carries with it 
at firft all that it has taken from the earth, 
which is impregnated with it; and in this point 
of view it is the vehicle of all that the earth 
can contain for the food of plants. 

7. It is at prefent fully proved, that water 
impregnated with air, and with fome foluble 
elaftic fluids, is much more ufeful to vege- 
tation than water deftitute of air, or boiled 
water. Hence fnow-water, which, as the fnow 
eradually melts, refumes the air it had loft, and 
in this ftate of aération mfinuates itfelf into 
the earth, where it waters the roots, occafions 
fuch a quick and remarkable vegetation in the 
beginning of fpring. For the fame reafon the 
water of a fine and gentle rain, which, after 
having traverfed_a portion of the atmofphere, 
and taken from it a confiderable quantity of air, 
uniformly covers aud gradually penetrates the 
foil, in which the roots of plants are fixed, gives 
activity to the growth of the plants. It is re- 
~marked alfo, that when plants are watered from 
a well or a ciftern, their vegetation is much 
feebler than when the water employed for the 
purpofe has flowed a certain length of time in 
contact with the air, fo as to have been able to 
faturate itfelf with it. : 

8. The different matters capable of contri- 
buting to the nourifhment of vegetables, which 
are contained in the earth, are there in a dry 
and folid form, which does not allow them to 
penetrate the texture of roots, or confequently 

‘that 
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that of the ftalks of plants. It is the water 
which conveys the molecules of different na- 
tures, that may ferve as food to plants, either 
fufpended from being in a ftaté of minute di- 
. vifion, or as actually diffolved by an appropriate 
chemical agent. Thus it is water that imparts 
to thefe molecules, by which vegetables are 
nourifhed, that liquid form which is fuitable to 
them, and without which they could never be 
introduced into the texture of plants. The 
more of this folvent paffes into them, the more 
alimentary matter we muft conceive to be cat- 
ried with itinto the organs of plants. We fhall 
fee that water can thus convey even filiceous 
earth, which is actually found in the analyfis of 
vegetables after the feparation of all the foluble, 
faline, inflammable, and other matters. 

9. It is almoft ufelefs to point out that water, 
by inceffantly pafling along the veflels of vege- 
tables, conveying into them different fubftances 
adapted to increafe their fubftance and add to 
their growth, .diftends, fills, fwells, and elon- 
gates their canals; that it fupports their paren- 
chyma, their air-veffels, their texture in general, 
in a proper degree of diftention; and thus we 
readily conceive how, after a drought, a drying 
wind, or expofure to the burning rays of the 
fun, drooping plants, the wrinkled, bowed, and 
falling leaves of which threaten even to pafs into 
a ftate of. greater fuffering, and to certain 
death, if their thirft be not fatisfied, rife up, 
exert themfelves, difplay their leaves in fuch a 
] degree 
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degree of extenfion, and with fuch opennefs, 
fpread, and colour, as are fuitable to their exift- 
ence, and foon begin to pufh forth with more 
vigour than before. 

10. No perfon doubts likewife, that water in 
its natural ftate, and without decompofition, 
enters as fuch into plants for one of their con- 
ftituent principles, and makes a part of the 
elements of which they are compofed. Thus 
water forms the bafis of the fap, and of all the 
juices found in them; thus it holds in folution 
their acids, falts, and extractive matter; it 
foftens their mucilages, &c. This was the only 
idea the ancient chemifts had of the ufe of water 
in vegetation; and they carried it fo far as to 
imagine, that water exifted in a folid ftate in 
feveral vegetable compounds. At prefent we 
have a greater opinion of its vegetative utility. 

11. Since Lavoifier and Citizen Bertholiet oc- 
cupied themfelves with this fubjeët in 1785 and 
1789, fince Ingenhoufz difcovered, that leaves 
immerfed in water, and expofed to the fun emit- 
ted oxigen gas, it has been imagined that water 
was decompofed in the veflels of vegetables, and 
particularly in thofe of their leaves; that this 
decompofition was promoted by the contact of 
light, efpecially by that of the fun; that the 
effect of this decompofition was the reverfe of 
that which chemifts accomplifh by means of 
combuftible fubftances,- the water depofiting in 
the plants its hidrogen, which formed in part 
their oils, extracts, and colouring matter; that 

a portion 
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a portion of its oxigen at the fame time be- 
came fixed in them to conftitute their mucous, 
faccharine, feculent, and other oxides, or vege- 
table acids; that the greater part of this oxiding 
and acidifying principle, detached or feparated 
from the hidrogen, and diffolved by the caloric 
of light, afflumed the form of gas, and iffued fre- 
quently with rapidity from the furface of ve- 
getables, and particularly from their leaves, to 
diffufe itfelf in the atmofphere. 

12, Thus in.the difcovery of the decompofi- 
tion of water in leaves expofed to the rays of 
the fun, were found at once an ingenious ex- 
planation of the great utility of this fluid in 
vegetation, and a fource of the two principal 
elements which enter into the compofition of 
the fubftances found in plants, among which 
hidrogen is well known to act the chief part ; 
and we are enabled to conceive how nature 
renovates the atimofphere by a very fimple me- 
chanifm, and imparts to it by means of vege- 
tation, which is in this refpect a decombuf- 
tion, the oxigen that fo many caufes inceflantly 
combine to take from it. Thus from the know- 
ledge of a fimple phenomenon, and of one fingle 
caufe, we are enabled to account for a number 
of complicated circumftances and faéts, the 
exiftence of which, or their connection with 
natural philofophy, was not before conceived. | 
It muft be remarked, however, that there are 
fome modern philofophers who deny this de- 
compofition of water by living leaves, aflifted™ 
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by expofure to the fun: we fhall fee prefently 
on what their denial of it is founded. ; 


ARTICLE VI. 


Of the Influence of carbonic acid Gas, and of 
fome other Gafes on Vegetation. 


1. AFTER the principal difcoveries of the 
differences and properties of the various fpecies 
of elaftic fluids, attempts were made to afcer- 
tain their aétion and influence on vegetation. 
It was foon perceived, that no gas but common 
air and oxigen gas could maintain this grand 
phenomenon, and that in this refpect it exhi-. 
bited a very ftriking analogy to the life of ani- 
mals, and to ER 

2. But it was perceived, in the courfe of thefe 
refearches, that the purity of the air was far 
from being as indifpenfable for the fupport of 
vegetation, as for that of refpiration; that ve- 
getables continued to live in air too much 
altered or fpoiled, to be capable of fupporting 
animal life; that moft of them even fhoot forth 
_ more vigoroufly in an air fomewhat impure 
than in very good air; and that in the lat- 
ter cafe the fpoiled air, which ferved for this 
more Vigorous vegetation, was perceptibly. im 


proved, at leaft, in the firft periods of this 
aétion, | 
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aétion, inftead of continuing to grow noxious, 
as it does in every fort of combuftion, and by 
the refpiration of animals. 

3. When the laft-mentioned fact, that of plants 
vegetating with more vigour in fpoiled air than 
in very pure air, had been confirmed by expe- 
riments fufficiently numerous, it remained to be 
determined, to what this fingular effect was ow- 
ing; what kind of alteration in the air, fo far 
from being injurious to vegetation, feemed to 
be advantageous to it; what gas, diminifhed or 
added to the atmofphere, produced this fingular 
effect; and by what mechanifm it was in reality 
brought about. Though this is not yet com- 
pletely determined, fome important faéts how- 
ever have been difcovered in the refearch, which 
may ferve at leaft to folve a part of the great 
queftion included in the inquiry. 

4, It has been difcovered, both by the ana- 
lyfis of air fpoiled by animals and {till fit for 
vegetation, and by the artificial compofition of 
mixtures of airs in which plants have been fet 
to vegetate, that this advantage to vegetation, 
of air previoufly ufed, was owing to a certain 
portion of carbonic acid, contained in it much 
greater quantity than in common air. Mr. 
Ingenhoufz convinced himfelf, that by intro- 
ducing into azote gas and into hidrogen gas, 
either of which alone is incapable of fupporting 
vegetable life, a certain quantity of carbonic 
acid gas, they became capable of it. Mr. Hum- 
boldt has fince found, that eight or ten hun- 
Ie: ‘ dredth 
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dredth parts of carbonic acid gas, added to 
atmofpheric air, rendered it extremely fit for 
vegetation; and that fuch was fometimes the 
{tateof a certain part of the air of mines, where 
a whole clafs of érypogamia plants germinated,’ 
and fhot forth brifkly. | 

5. This utility of carbonic acid to vegetation, 
aud the influence it manifeftly has on this func- 
tion, are difcoverable alfo in water impregnated 
with it, and which is known to be much better 
for watering plants than common water. There 
is fcarcely any fubterranean water, filtered 
through ftrata of vegetable mould, which does 
not contain fome portion of carbonic acid; and 
this water, juft as we find with refpeét té ani- 
mals, not only 1s without danger like the pure 
acid gas to the fupport of ve cable life, but 
even contributes in an eminent degree to aug- 
ment its activity, and increafe its energy. 

6. The aétion which this acid produces, 
either as gas added to the air in which the 
plants are immerfed, or as diffolved in the water 
which their roots abforb, or as combined with 
the aqueous vapour or dew which moiftens their 
leaves, appears to be owing to its decompo- 
fition, which is effected in the texture itfelf of 
thefe laft mentioned organs, and is fhown by the 
experiments of Mr. Ingenhoufz and Citizen 
Sennebier. In this kind of decompofition, ana- 
logous to that which is effeéted by phofphorus 
heed with carbonate of foda, that of lime, &c: 


the carbon of the earbonic acid is feparated 
from 
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from its oxigen, and combines with hidrogen, 
oxigen, &c. to form the different immediate 
materials of plants, which we know contain 
thefe primary principles, and the greater part of 
its oxigen, which forms 0,72 of it, is evolved 
as anelaftic fluid, mixing with theair, and me- 
hhorating it. 

7. In this effect we cannot but perceive one 
of the fources of the carbon that exits in plants, 
and which fo frequently conftitutes the greater 
part of the elements that compofe them; and 
while this manner of explaining the mode of 
intromiffion into the duéts of vegetables, gives 
a very fatisfactory reafon for the ufeful influ- 
ence, that the carbonic acid gas contained in 
fpoiled air has on plants, it has the advantage 
of enabling us to underftand one of the moft 
difficult, moft abfiraét, and moft profoundly. 
hidden phenomena exifting in vegetable phyfics, 
that of the formation of the carbonaceous com- 
pounds, which exift fo abundantly among the 
materials of plants. 

8. It is to the fame caufe otig we can afcribe 
an effect equally remarkable produced on vege- 
tables by carbonated hidrogen gas. This gas, 
when pure, kills thefe organic beings pretty 
quickly; but mixed ina certain proportion with 
atmofpheric air, it manifeftiy increafes its pro- 
duétive praperty in vegetation. There are even 
circumftances well known by farmers, in which 
this gas, efcaping from marfhes, pools, bogs, 
rotten dunghills, the water draining from them, 
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fiables, &c. and enveloping plants completely 
in all parts, makes them grow with great rapi- 
dity, and fometimes even, amid this rapid 
growth, occafions them to contraét a fmell and 
tafte, which atteft its influence. It is too evi- 
dent, to require a more. minute explanation 
here, that this effect is owing to the fame caufes, 
and depends on the fame theory, as the influ- 
ence of carbonic acid; and that, though the ac- 
tion of carbonated hidrogen gas be more {peedy 
than that of the carbonic acid, it arifes from 
the carbon it contains being more naked, and 
more difpofed to penetrate the veffels of plants, 
than that which being united with oxigen, ad- 
heres more ftrongly to it, and is more difficult 
to be feparated. 


AR TIGEES hk 


| Of the Influence of the Soil, and of its . 
Amendment, on Vegetation. 


1. OBSERVING vegetables fixed in the earth, 
men have always been led to think, that, the 
foil in which their roots were buried furnifhed the 
principal matter of their nourifhment, and that 
they derived from this all the qualities by which 
they are diftinguifhed. Hence, the ancient no- 

| tion, 
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tion of the conneétion of foils with their pro- 
duétions, which has always couftituted one of 
the principal or fundamental dogmas of agri- 
culture. The fame ideas of the influence of the 
earth in favour of this or that vegetable, or 
giving to fuch a plant a peculiar character, have 
always been propagated ‘from ancient times to 
the prefent ; and there is not one fingle farmer 
in our days, who is not perfuaded, that plants 
derive from the foil in which they grow charac- 
ters depending on it exclufively, fuch as a 
particular flavour, a peculiar fmell, &c. | 
2. In reality there can be no doubt, and too 
many examples confirm it, that the quality of 
foils is communicated to the vegetables planted 
in them: it conftitutes what is called the taffe 
of the foil. Thus grapes, fruits, and particu- 
larly pulfe, ftalks, leaves, and roots, acquire in 
marthes a tafte, f{mell, confiftence, and colour, 
manifeitly depending on the quatitics of the 
earth where they have grown. ‘This remark 
may be extended even to wines produced by 
fermentation, the refult of a profound altera- 
tion experienced by vegetable juices: we know 
that they partake of the nature of the foil where 
the vine has grown, and that we may dittin- 
guifh in what is called the dowguet, or peculiar 
{mell, the difference of a dry, fandy, filiceous, 
flinty foil, or too wet, too rich, and too {trong 
ground. Thefe general data, of which we 
cannot doubt, as well as thofe refpeéting the 
particular difpofition of a particular foil to give 
Bb 2 birth 
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birth to certain productions, irrefragably prove, 
that every foil has a direét influence on vege- 
tables growing in it. 

3. But though this truth be well eftablifhed, 
there is one equally certain ; namely, that what 
are called fois are powders or mafles very com- 
plex in their mixture and compofition ; and to 
determine with accuracy the kind of aétion 
they exert on vegetables, moft of the properties 
of which they modify, it is neceflary to inquire 
particularly what is owing to the earth properly 
fo called, and what is effeéted by fubftances 
foreign to the earthy particles mixed with them. 
The firft conftitutes the bafe of the foil properly 
fpeaking, the fecond belong more or lefs to the 
article of manure, which will be the next on 
which I fhall treat. 

4, Among the foils in which vegetables grow, 
it would be vain to feek a pure and ifolated 
earth. -The fineft, drieft, moft acrid fand, ap- 
proaching neareft to filiceous earth properly fo 
called, is always a mixture of quartz, alumine, 
and frequently a little calcareous matter. To 
detefmine in what manner each earthy fub- 
ftance contributes to vegetation, or to the fup- 
port of vegetables, the chemifts who firft applied 
their fcience to agriculture and vegetable phy- 
fics, particularly examined the manner in which 
feeds comport themfelves in each pure earth 
chemically prepared; and though it follows 
from their experiments, that feeds germimate 
very well in arid éarths, well wafhed, infipid, 
; A and 
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and deprived of every faline particle, provided 
thefe earths were humeétated, it is likewife fuf- 
ficiently proved, that neither of them exclufively 
or powerfully favours vegetation. Seeds may 
be made to germinate alfo in metallic powders 


or filings, and on fponges, cotton, tow, &c. . 


moiftened with water; but in thefe mediums 
vegetation does not continue long, it never 
reaches its full term, unlefs with delicate, weak, 
and fall plants, which require but very little 
fubftance for their nourifhment. 

5. From thefe trials, however, it has been 
concluded, that the foil forms no more than a 
{imple fupport for vegetables; that it affords 
a lodement and ftay for the roots; that it merely 
durrounds thefe with the water and nutritious 
matters of which they have need, and of which 
it is only the receptacle; that it requires 
only to be very eafily permeable by the roots, 
to retain a fufficient quantity of water to keep 
them always moift, to be fufficiently divided to 
let the air and every part of the light pafs 
between its molecules, and not to be fo compact 
as to comprefs the radical fibrils. It can fcarcely 
be doubted, that a fmall portion of the earth 
itfelf penetrates the roots, and is conveyed into 
the interior of vegetables, by the abforption of 
which the vegetable organs are capable, and by 
its ftate of divifion, or even of folution in 
water, . 

6. Bergman, in his differtation on geoponic 
earths, infers from a great number of experi- 
ments, 


a 
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-ments, that the beft earth for the produétion of 
vegetables is a mixture of two parts of cal- 
careous earth, one part of magnefia, four parts - 
of alumine, and three parts of fand. All the 
-refearches of the moderns have taught them, 
that faits contribute nothing to vegetation ; 
that on the contrary there is reafon to believe 
them to be always injurious to it: that pure 
earths alone, or mixtures of them. with one 
another, were not fit for it; and that. fertile 
earths lofe all their properties by the aétion of 
fire. Thefe laft facts have been particularly ob- 
ferved by Mr. Giobert, a chemift, at Turin. 

7. From all the experiments, which have been 
varied in a thoufand ways, refpecting the rela-. 
tion that vegetables bear to the foils in which 
they are planted, one uniform, confiant, and of 
courfe certain refult has arifen; this is, that of 
all the fubftances found in the mixture of earths, 
that conftitute a foil, calcareous ‘earth contri- 
butes moft certainly to its fertilization. There 
is nothing equivocal, uncertain, or contradic- 
tory in this fact. It is afcribed to this, that 
moft of thefe calcareous fubftances retain fome- 
thing of their ancient animal origin, which 
becomes a fort of manure. For my own part 
‘have no doubt, that this fertility muft be attri- 
buted to its carbonic acid. © Be this as it may, 
it is fo true, that calcareous matter is the moft 
ufeful of all earthy or faline earthy fubftances 
in agriculture, that farmers frequently renew 


their land with it. 
8. It 
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8. It is neceffary to mention, however, that 
though calcareous earth is the moft frequent 
and moft ufeful fubftance that can be employed 
for improving land, and on this account marle 
claims the firft rank even among manures, 
the art of improving lands, confidered in its 
greateft latitude, cannot be confined to a fingle 
procefs, but muft vary according to the nature 
of the foil on which the farmer is to operate. 

Marle and chalk are certainly fuitable to a 
_ftrong and too clayey ground; but land too 
uniformly calcareous or fandy may require, on 
.the contrary, clay to give it the binding qua- 
lity it wants, and the property of not drying 
too quickly, but retaining the water a little 
longer than it did before. 


Anricce VILL 
Of the Influence of Nanure on Vegetation. 


. IT has been proved above, that pure and 
FR earths do not directly ferve for vege- 
tation; that water alone can anfwerthe purpofe 
friGly, fpeaking, but that it does not furnifh 
all the principles neceffary for fertility and the 
complete g growth of plants; fo that, for inftance, 
moft afford no fruit, or at leaft their vegetation 
is feeble, Though it has long been fanaa 
that 
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that plants are nourifhed by means of their 
leaves, and derive their aliment from the air, 
fo that they appear capable of growing by 
means of water, light, heat, oxigen gas, and 
the elaftic fluids that ufually compofe the atmof- 
phere, it is equally feen, by all the data and ex- 
periments of agriculture, that the greater part 
of the nourifhment of vegetables is derived from 
the earth, and that the earth greatly influences 
their condition, ftrength, quicknefs of growth, 
the nature, tafte, and fmell of their fruits, &c. 
2. It has long been obferved, that the earth, 
in affording vegetables the principles neceffary 
for their growth, is exhaufted at the end of 
fome time, and that it is neceflary to reftore to 
it what it has loft- Hence it has been inferred, 
that fomething pafied from the earth into the 
plants, and that this portion neceflary to vege- 
tation was gradually diffipated, fo that we were 
obliged to reftore it to, the foil. It is this addi- 
tion of nutritious and vegetative matter to 
the earth which is called manure. Nature 
itfelf furnifhes the example of this neceffity of 
continually repairing the lofs the foil fuffers 
from the vegetables that penetrate and cover 
ft: every year it reftores to it what the plants 
abforb by the remains of thofe which die, ac- 
cumulate on the ground, putrify there, are 
decompofed, and thus form fucceffive layers ofa 
fort of mould, or vegetable earth, in which 
germes unfold themfelves kindly, and roots 

imbibe the principle of vegetable nutrition. 
| | | 8 It 
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3. It is by this natural mechanifm, that 
ground crowded with trees and vegetables of 
different kinds growing every where around 
them, becomes covered to a greater or lefs depth 
with vegetable earth, which long fecures its 
fertility It is this layer of fertile mould, 
which men find after clearing ancient forefts, 
and in which they fcatter the feeds and germes 
of various plants, which acquire in it a quick 
and fpeedy growth. Thus in a fucceflion of 
ages are formed thofe lands of inexhauftible fer- 
tility, which man takes from the hands of Na- 
ture in the forefts of America; where he begins 
by cutting down or confuming the ancient 
vegetable inhabitants, before he enters upon the — 
ufeful cultivation of many plants, to which 
our cold or temperate climates are incapable of 
affording nourithment. 

_ 4. The farmer imitates this procefs of nature, 
when land appears to him exhautted of its nutri- 
tious juices, by too long or too vigorous vegeta- 
tion: ftirring it up with the plough, or fome 
other inftrument, he likewife adds to it the 
remains of vegetable or animal fubftances, which 
are called manure. Moftcommonly thefe remains 
confift of the ftraw which has been ufed as litter 
for animals, and which, impregnated. with their 
excrement and urine, is laid in heaps to heat, 
ferment, putrefy, diminifh in bulk, and become 
what is called dung. The leaves of trees heaped 
‘up ima fimilar manner, watered, heated, fer- 
mented, foftened, and decompofed, are likewife 

ufed 


378 INFLUENCE OF MANURE 


- ufed for the fame purpofe. The bones of animals, 
the horny parts, and even the hardeft horns, 
cut into fhreds or fragments, or ground to 
powder, are alfo ufed frequently for manure in 
fome countries. In feveral, human excrements 
long kept, and fometimes converted into a 
dry inodorous matter, known by the name of 
poudrette, is employed for this purpofe. 

5. It is with the fame defign, but conduéted: 
on a much larger fcale, and of more immediate 
utility, that intelligent men, when breaking up 
large quantities of ground, keep on the exhaufted 
or merely impoverifhed land a number of ani- 
mals, particularly fheep; which, while they {till 
find on it food fufficient for their wants, render 
immediately to the earth, either by the folid 
and liquid excrements which they depofit on it, 
or by the perfpirable matter which iffues from 
them when they lie down, more than they 
have borrowed from it. This mode of dunging 
ground indeed requires a confiderable capital, 
as the firft expenfe is great; but it amply repays 
the farmer who praétifes it, and whofe fpecu- 
lation turns entirely, as has been feen, on the 
reciprocal converfion of vegetable matter into 
animal fubftance, and of the latter into the 
former. vit | re FRESH 

6. The feience of phyfics has long been filent 
on the mechanifm or caufe of action of manure. 
Ancient chemiftry explamed 1t by a theory of 
falts and ftimulants, which modern difcoveries 
have difmified to the realms of fable and error. 
| It 
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It is particularly in the latter that this theory 
is placed by modern agricultural experiments, 
the refult of which has proved, that real falt 
mixed with the earth injures the production of 
plants cultivated in it. Pneumato- chemical 
analyfes have furnifhed more accurate notions 
of the influence of manure, in teaching us that 
plants are formed of hidrogen, carbon, oxigen, 
and fometimes azote, fulphur, and phofphorus, 
without reckoning lime, filex, and pot-afh. If 
thefe principles alone exift in the fubftances of 
plants, it is evident that they require only thefe 
for their growth. 

7: This reafon is fufficient, to lead us to a 
knowledge of the action of manure. In faét, 1 
the compound fubftances which form them we 
find thefe firft principles in abundance: hidrogen 
is contained in them fo plentifully, that it fre- 
quently efcapes in the form of vas during their 
decompofition. The carbon fhows itfelf in them 
by the black colour, which dung affumes when 
completely rotten, and in the hue of the mould 
into which it is changed. The liquor that 
drains from dunghills, if we abftract from it in 
imagination the ammonia, and the animal fub- 
{tances which are mixed with it as. foreign 
matter, is for the moft part nothing but water 
holding in folution carbon, which we may fee 
fubfide to the bottem by keeping it fome time. 
Carbonic acid gas is perpetually flying off from 
mould; fo that nothing is wanting to this 
compound, necefiary to fupply nourithment to 

plants ; 
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plants; but on the contrary, the nutritious 
matter they afford is fo abundant, that it is eafy 
hence to explain how vegetation is fo ftrong 
in it, and the growth of plants fo rapid. 

8. We may even judge from this, and from 
comparing the influence of the foil with that 
-of the air for the quicknefs of the growth of 
plants, and the vigour of vegetation, that 
the foil contributes much to it through the 
means of the manure with which it is covered, 
and that roots fuck up with great energy the 
different alimentary matters in a liquid form, 
while very little paffes through the leaves, which 
are rather organs of perfpiration. It is no lefs 

accurately ine to the obferving eye, that 
water is the common vehicle of earths, carbonic 
acid, carbon, and hidrogen, almoft ifolated, 
which are conveyed into the organs of plants: 
that for this reafon its prefence is fo neceffary 
in the earth into which roots penetrate, and 
that in this it aëts the double part of promoting 
the flow and fucceflive decompofition of the 
vegetabie fubftances that form manure, with a 
fort of difleétion of their parts, and of con- 
veying thefe into the abforbent veffels of 
plants, 

9. Manures, or the organic matters which 
form them by the mixture of their particles 
with thofe of earths properly fo called, have 
alfo another effect befide that of furnithing tke 
roots of plants with aliment: or rather this 
principal effect is accompanied by another 

auxiliar Ys 


ON VEGETATION: 38} 


auxiliary, it is true, but not lefsufeful. Thefe 
manures we know undergo a continual fermen- 
tation, which attenuates, divides, and decom- 
pofes them. This aétion cannot take place 
without an increafe of temperature, and the 
heat thus produced muft greatly promote ve- 
getation. The earths, very rich in nutritious 
principles, which are employed in the beds and 
hot-houfes of kitchen and botanic gardens, 
earths which contain much horfe-dung, or tan, 
are fo hot, that on thrufting the hand into 
them, we find a great difference between the 
temperature without this folid medium, and 
that within it. Accordingly, many feeds are 
brought to germinate in them, which will not 
in our natural foil; and a great many plants 
are cultivated in them, which would languith 
or die in common ground. Farmers know, that 
by ufing dung not properly rotted, or too little 
fermented, it occafions a too hafiy vegetation, 
dangerous in our climates, where cold fo eafily 
affeéts or ‘kills delicate plants railed too foon. 
There is no other reafon for their carefully | 
avoiding the ufe of too frefh and too ftrong 
dung, but the violent heat it occafions in the 
earth by the fermentation it undergoes: and 
thus with good caufe they term it too he’. It is 
fo true that manures ferment ftrongly, that at a 
certain period we obtain from them alkaline, cal- 
careous, and ammoniacal acetites by lixivia- 
tion, and a firong fmell of vinegar is emitted by 
them, if we pour on them more potent acids. 

| 10. There 
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10. There is ftill one more effect to be ob 
ferved in manures, which was difeovered by 
Dr. Ingenhoufz: the,power which they appear 
to exercife on the atmofphere, the abforption of 
its oxigen which they effeci, and the tranfmif- 
fion of it from them into the abforbent veffels 
of the roots, which unqueftionably takes place. 
If a vegetable mould be expofed to the contact 
of airin a clofe apparatus, when we examine 
this air fome time after, we fhall find it deprived 
of a portion of its an This privation foon 
proceeds to a total abfence of it, fo that it 
“is one of the fureft means at prefent of procuring 
atmofpheric azote gas. Though Mr. Humboldt 
believes that he has obferved this abforbent | 
property im pure earths, and particularly in 
alumine and magnefia, there is fcarce a doubt 
but it muft be much more powerful in thofe 
which are mixed with vegetable matters ; and 
that thefe, conftituting manure, act with regard 
to the oxigen of the atmofphere a3 a fort. of 
combuftibles that have great tendency to 
oxide, and from which roots take this principle, 
when they have been conveyed into > their vetfels 

by means of water. | | 
11. It cannot be queftioned that die oxigen, 
precipitated from the air, and fixed in manures, 
aéts a more or lefs important part in vege- 
tation, when it is confidered as calculated. to. 
‘convert the. carbon of manures into carbonic - 
acid, fo beneficial to the growth of plants when 
water offers it to them in a diffolved and fluid 
{tate ; 
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ftate; and when, on the other hand, we obferve 
the effeét produced on the nutrition of vege- 
tables by lixivia of oxigenated muriatic Seid 
mixed with the earth into which roots pene- 
trate. Citizen Pajot-Defcharmes, who fuccefs- 
fully applies the phenomena of chemiftry to 
manufacturing procefles, has remarked, that 
lixivia of oxigenated muriatic acid, extremely 
_dilute it is true, and which had already been 
employed in feveral operations, being thrown 
on the earth of a garden, fingularly promoted 
the growth of the vegetables that occupied the 
{pots thus watered. On comparing this ob- 
fervation with the faéts obferved by Dr. In- 
genhoufz and Mr. Humboldt, we fee clearly, 
that the abforption of oxigen is one of the moft 
fecundating and moft ufeful effects of manure. 
12. From thefe data, fo much enlarged and 
fo well explained by modern chemical fcience, 
arifes a knowledge of the effects produced by 
tilling and breaking the earth, fo much recom- 
mended by all able hufbandmen: we fee, that 
by ftirring the earth to a certain depth, it is 
not only, rendered lighter, fofter,- more divided, 
more permeable, at the weeds and. infects 
which live int. and exhauft it, are deftroyed ; 
but the manure deeply buried. is brought to 
the furface ; this valuable aliment is RP tai 
equally to. all parts: where the roots will, creep; 
- and what the. preceding vegetation bad taken 
from.the exhaufted ;portions is reftored to them. 
» By, thus renewing all the furfaces of the mould, 
et | tillage 
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tillage expofes to the air the matter that tends 
to deoxigenate it; and by increafing the abs 
forption of oxigen by the foil, it angments its 
vegetative power in a degree proportionate to 
the renovation of furface: in a word, it in- 
creafes this concealed combuftion in which 
great part of the influence of the air confifts, 
which was formerly explained in fuch a vague 
manner by the falts that were fuppofed to be 
depofited in the earth; at a period from which 
we are not yet far diftant, when phyfics, in a 
fiate of little advancement, and contenting 
itfelf with thofe hypothetic gleams, which then 
conftituted the whole of its theory, had not ac- 
quired that accurate knowledge of the nature 
of the air, and the compofition of vegetable 
~ matter, which it poflefies at prefent. 


Articie IX. 


Of the Funétions of Vegetables, or the Pheno- 
mena which they exhibit during their Life, 
and of the Mechanifin by which the confii- 
tuent or component Parts are formed. 


1. WHAT has been faid in the eight pre: 
ceding articles prefents a feries of faéts refpect- 
ing all the materials, that ferve for the 
formation of vegetables, which aétually change 

into 
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into their proper fubftance, and which they are 
capable of converting into ternary or quater- 
nary compounds, and of appropriating fo as to 
increafe their own bulk. It remains for me to 
give a {ketch of the manner in which thefe 
different elements, admitted into the veffels of 
plants, are there decompofed, or combined in a 
new order, by what powers they are converted 
into the materials of vegetables, what pheno- 
mena accompany and indicate this converfion ; 
in a word, in what vegetable life confifts: for 
it is very evident, that a germe being given, the 
life it receives, and which continues till all 
the phenomena that conftitute vegetation have 
been completely exerted, confifts wholly in this 
appropriation, this convertion, this complicated 
combination, which the primary materials un- 
dergo after they are received into the veflels of 
plants. | | 

2. This beautiful mechanifm, which 1s called 
vegetation, has at all times excited the admira- 
tion of philofophers, and they have endeavoured 
to form a conception of its caufes, and afcer- 
tain their effects; but their endeavours have 
not yet been crowned with a fuccefs anfwer- 
able to their wifhes Modern chemiftry has 
revivéd their hopes, new paths have been ftruck 


? 


+ 


out by it, and the {ketch I am about to trace. 


will how, that the new career opened by its 
means, and its method, though yet little followed, 
have already removed feveral difficulties hitherto 
deemed. infurmountable. It is neceliary to 
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conceive in the firft place, that the phenomena 
of vegetable life fo manifeftly belong to a che- 
mical power, that no fcience but that can 
explain its mechanifm. This truth is included 
in the enunciation of the problem of vegeta- 
tion. -In reality it may be confidered as the 
only queftion, to determine how vegetable ma- 
chines convert the principles they abforb as 
alimeifts into what we have ealled their ma- 
terials, 

3. There is no room to doubt, that plants 
form thefe compounds in executing the ‘func- 
tions, which taken together, truly reprefent the 
circle of their life: we muft inquire then 
wherein thefe functions confift, and examine 
their relation to the formation of vegetable - 
compounds. The functions of vegetables are 
either internal, fometimes not very perceptible, 
fo that their exiftence is known, and their phe- 
nomena ftudied, only by the help of experiments 
and methods which in fome degree affift the 
weaknefs of our organs, or they are external, 
come under the cognizance of our fenfes, 
and difplay themfelves by phenomena, or figns 
more or lefs firiking, more or lefs eafy to be 
perceived. 

Of thefe functions fome are exercifed during 
the whole life of the plant: others are periodical, 
or fhow themfelves only at different ages of 
the plant, which are moft commonly even de- 
termined by them. We find in fucceffion, and 
in the order in which they are mentioned, 

3 + ae" The 
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. The motion of the fap, and of the fluids ; 
. Their fecretion ; 

Jrritability, or the movement of the folids; 
Nutrition ; 

The flowing of different juices ; - 
Vegetable tranfpirations. 

. The direétion of the parts of plants : 

. The periodical repofe, or fleep of plants ; 
The germination of plants: 

. Their foliation ; 

‘Their flowering ; 

m. Their fructification. ‘ 

Some phyfologifis have teckoned a greater 
number of phenomena among the funétions of 
plants, becaufe they have confidered them with 
the eye of the agriculturift, &c.; but the 
twelve that I have mentioned comprife in rea- 
lity all that paffes in the circle of vegetation, 
and every thing likewife that enters into the 
relation { mean to point out between the che- 
mical analyfis of vegetables and the life of 
plants. 

I fhall proceed briefly to run through each 
of thefe functions, of which I have already faid 
a few words at the commencement of this fec- 
tion, but I defcribed them only as phenonema 
of vegetable life; and I have here to confider 
them in their mechanifm and intimate refults, 
to fhow, that they either arife from chemical 
attractions, or lead to them. 
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A. Motion of the Sap. 

4. THE motion of the fap takes place from the 
root toward the fummit of the ftem ; and this 
fluid, manifeftly formed by the water, which 
the roots have abforbed, and which holds in 
folution the materials of the earth or of the foil, 
undergoes durimg this very motion certain che- 
mical changes. With the fap there circulates a 
more or lefs confiderable portion of carbonic acid, 
which, by the internal heat of the plant, is fre- 
quently difengaged from the water, and moves 
in the air-veffels fo as to iffue with a percepti- 
ble ebullition through openings or auger-holes 
made in a tree. . The excefs of this acid ef- 
capes by vegetable tranfpiration : a great part is 
decompofed, and furnifhes carbon, which unites 
with the hidrogen and oxigen; hence the 
mucilages, the faccharine fubftance, the tannin, 
the acids diffolved in the fap; hence too the 
extractive matter, which fometimes colours: it, 
and renders it always liable to become co- 
loured by the oxigen of the atmofphere.  Fre- 
quently this nutritious juice carries with it 
falts, and even acetites, which the water has 
taken from the manure ufed on the’ ground, 
as well as earths and carbon ina ftate of minute 
divifion; proceeding from the fame fource. 

5. Many hypothefes have been framed, to 
explain the mechanifm of this afcent of the 


fap. 
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fap. The following is the moft fimple, with 
the greateft appearance of probability. The 
warmth of fpring, which excites it, dilates 
plants, and recalls their life, which the winter’s 
cold had benumbed. The diluted vefiels have 
a vacuum produced in them, which caufes the 
afcent of the fluid that remained in the ftem, 
and was collected in the roots, and in fuccef- 
fion that which moiftens the earth, in which the 
roots are embedded. This firft movement of 
vegetation does not flacken or ftop, but with 
the diminution of the temperature of the 
atmofphere to a few degrees only above and 
below 0. Whether the eae re-defcend toward 
the earth by the cortical layers, and whether 
this pañlage be open to it only during the 
night, are problems that remain to be folved: 
a they have been confidered as decided 
by cicatrices and the fwellings that grafts form 
above the ftock, and by che Fee of the fap 
from the upper end of a notch. The { fap, carried 
at firft toward the centre of the ftem, fpreads 

laterally and along the prolongations of the pith, 
to reach the external layers, where the dilata- 
tions and vacuums. are greater. The lightett, 
moftt fluid, moft rarefied portion of the fap, and. 
the moft remote from: the roots, after it has 
depofited the matter capable of becoming folid, 
which it held in folution, iffues through the 
leaves in vapour or in drops. We learn from 
Hales, that the-power of afcent in the fap 
of the vine reaches to: thirteen metres, confe- 
quently 
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quently higher than water is fupported by the 
weight of the atmofphere. 

6. We readily conceive, that this afcending 
and lateral motion of the fap, and of the car- 
bonic acid gas, or of the air with which it may 
equally be accompanied, muft exift in the dif- 
ferent fluids of vegetables, which are known 
by the name of their proper juices ; but that 
this fecond fort of motion is but a flow and 
limited change of place, compared with that of 
the fap, on account of the lefs abundance of 
thefe juices, of their diftribution in particular - 
orders of veflels, of their adhefion which is pro- 
portional to their greater confiftence, and of 
their more intimate propenfity to grow thick, 
concrete, and become folid. Thefe juices have 
fcarcely any thing more than the flight motion, 
which the — communicates to them, and 
is produced by its lateral preflure on them. 
Thus we fee it would be an abufe of words, and 
an entire confufion of ideas, to compare thefe 
movements of vegetable juices with the circu-. 
lation of the blood in animals. 


B. Secretion. 


ÿ. WueEN the fap, the primary nutricious 
fluid of vegetables, water loaded with all the 
_ matters which it has taken from the foil more or 
lefs manured, has arrived at the different parts 
of the vegetable, which envelope the common 
veffels, it diftributes itfelf to the different orders 
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of its texture, which it traverfes, or with which 
it is in contact: and it depofits in them the 
fubftance proper for enlarging the growth of 
each, or for repairing the continual loffes 1t fuf- 
tains. In this feparation, in this divifion of 
the different materials, all contained in the fap, 
but appropriate to each of the veficular organs 
in which they are depofited, confifts fecretion, 
the exiftence of which in the phenomena of 
vegetation cannot be overlooked, or its influ- 
ence in them denied. 

8. Undoubtedly we do not yet well know what 
the mechanifm is, by which the fap, that ap- 
pears in the vefiels as a homogeneous fluid, 
yields different juices to different parts, and is 
converted into matters frequently the reverte 
of each other. The fact however being acknow- 
ledged as certain, it appears,: that we can 
admit as the caufe of this converfion nothing 
but a true chemical change, governed unquef- 
tionably by the ftruéture of each order of cells, 
their diftance from the centre of the tree, their 
propinquity to the furface expofed to the air, 
and the difference of temperature. We may 
form fome idea of this chemical funétion, by 
feeing all the homogeneous vegetable fabftances; 
when. operated upon in the abosatny by fire, 
by the nitric, oxigenated, muriatic, and ful- 
phuric acids, and by cauftic alkalis, feparated 
into two or three new fubftances different from 
each other, namely, into two acids, into olea- | 
ginous fubftances, &c, I have no doubt but a 

chemical 
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chemical action, perfectly fimilar to that I have 
mentioned, takes place in the operation of ve- 
getable fecretion, The carbonic acid, oxigen 
gas, and the influence of light and caloric, to 
which the fap is more or lefs expofed in the little 
bladders or cells where it ftays, are probably 
the agents in thefe chemical operations, the 
À whee of which are’ compriled i in thé function of 
fecretion. : | 

9. Itis thus I conceive the fucceffive formation 
of all the proper juices, the gummy, faccharine, 
oily, acerb, colouring, and acid; ; as well as that 
of the folid parts to which they give birth by 
their concretion, as the woody fubfiance, the 
fecula, the tannin, the refins, the concrete falts, 
&c. Thus by the aétion of chemical powers, 
which feize on different part of the fap, are 
compofed the fubftances I have examined under 
the name of immediate materials of vegetables: 
thus are depofited in the roots, ftems, leaves, 
flowers, fruits, and feeds, the different matters 
that form them. We may fee a flight {ketch 
of this in the fpontaneous alterations the fap 
undergoes, as it exudes naturally in tears, or 
is extracted by boring holes in the trunks of 
trees, when expofed to the air, the contact of 
which colours it, renders it turbid, precipitates 
it, alcoholizes it, fours it, &c, 
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C. Irritability. 


10. LITTLE conneétion appears at firft be- 
tween the funétion termed vegetable irritability, 
and the chemical properties of which I here 
eftablifh the exiftence in the caufes and phe- 
nomena of vegetation. We are indebted to 

modern philofophers for the admiffion of vege- 
_ table irritability. On feeing the leaves of the 
fenfitive plant fo moveable at the flighteft touch, 
the fudden motions of the flower of dionæa 
mufcipula, the contraétile drooping of the fo- 
liage of the Zedyfarum gyrans, the almoft 
convulfive contraction of the ftamens of the 
common berberry, and of the dwarf ciftus 
when irritated by a pointed inftrument, and fo 
many other motions which feem to contraét the 
mufcles of the parts of plants in which they 
. are obferved, the moderns have imagined, that 
an irritable power, fimilar to that of the organs 
of mufcular motion in animals, exifts in thefe 
parts. 

11. Mr. Humboldt, Die carefulls fiudying 
this beautiful vegetable phenomenon, has in- 
quired into its connection with fome chemical 
power or caufe: and he has found fubftances 
that increafe it, that renew it when it is weak- 
ened, and others that diminifh it, or caufe it 
to ceafe. In general, oxigenated fubftances that 
eafily part with their oxigem appear apt to 

produce 
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produce the former of thefe effeûts, and the 
Jatter 15 owing to the abftraction of oxigen from 
the vegetable. It is thus, according to him, 
that the oxigenated muriatic acid favours and 
accelerates vegetation as ~well as germination, 
in which he admits the irritability of the germe 
as the principal caufe.. It is known, too, that 
heht and caloric ftrengthen this function ; and 
dt is afferted that opium deftroys, it, by the ap- 
plication either of its folution or of its fumes. 
Such are the flight data which begin to fhow 
fome analogy between the vegetable and animal 
irritable powers.. Mr. Humboldt :has drawn 
from it an inference of ufe in agriculture, in 
fhowing by experiment, that feeds which do 
not commonly germinate in our climates or in 
our hot-houfes, ind which of courfe we cannot 
raife for our gardens, or hope to naturalize in 
our fields, become capable of germinating when 
immerfed for fome days.in a weak lixivium of 
oxigenated muriatic acid. This interefting dif- 
covery has already been turned to advantage in 
_feveral botanic gardens, 
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12. Ir the reader have clearly comprehended 
the firft chemical facts which I have defcribed 
refpecting the changes which the fap undergoes- 
in .its movements, ee the feries of. Ro 
to which it gives rife, it will not be difficult 

for 
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for me to prove, that vegetable nutrition and 
the growth of plants are merely the refult of 
chemical combinations, or to fhow him both 
are accomplifhed. In the firft place it muft be ob- 
ferved, that the greater part of the water, which 
conftitutes the fap, efcapes out of the plant ; 
but while it thus flies off, it leaves init the dif- 
ferent matters capable of becoming folid, which 
it held in folution. . If to this well-eftablithed 
_ fat we add, that a portion of the water appears 
to be decompofed in the plant, particularly in 
its leaves acted on by the folar rays, that the 
carbonic acid is equally decompofed im the 
organs of vegetables, that in this double decom- 
pofition, .the greater part of the oxigen that 
oxides the firft of thefe fubftances and acidifies 
the fecond, efcapes out of the plants, and as 
the refult of this double effect we find hidrogen 
and carbon, which unite fimultaneoufly with a 
greater or lefs proportion of oxigen, and which, 
with the earths, falts, &c. carried by the water, 
may form all the folid matters that conftitute 
the fubftance of vegetables, 

13. Among the matters which we find in all 
vegetable fubfiances, it appears that their par- 
ticular compofition is determined by the par- 
ticular place they occupy. Thus the faccharine 
matter is formed almoft every where; the 
woody fubftance in the ftalks, the fecula in 
the tuberofe roots, the medullary bladders, and 
the cotyledons of the feeds, the fixed oil almoft 
exclufively in the latter, the tannin in the 
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woody layers, the mucilage in the cortical | 
Jayers and under the coverings of the feeds, the 
acids in the leaves, and in the pulp of fruits, 
&c. We know not yet, it is true, by what 
chemical law each of thefe matters affumes its 
peculiar compofition in this or that region, in 
this or that organ of vegetables; but it is 
very natural, that in the commencement of a 
ference we fhould have but few ideas concern- 
ing an objeét fo new. I have already faid 
above, that every kind of organ having a dif- 
ferent texture, its pofition with refpeét to the. 
furrounding air, its diftance from the centre or 
nearnefs to it, its temperature, the aétion of 
the air and carbonic acid gas within, the place 
even which the fap occupies relatively to the 
point from which it proceeded, and to the alte- 
rations it has already undergone fince it was 
firft formed, furnifh the modern theory with 
fufficient data, to allow it at leaft to look 
forward to the period, when poffeffed of expe- 
riments and refearches founded on the new 
viewsrit fuggefts, it will be capable of giving a 
fimple and luminous explanation of what appears 
yet a myftery. | 
14. Though the mechanifm of the particular 
formation of the different materials of vege- 
tables be {till covered witha thick veil, chemiftry 
already offers fome tolerably accurate refults 
refpeciing the growth and nutrition of plants, 
owing to the fucceflive changes of thefe nra- 
terials, It no longer contents itfelf, as hereto-, 
| fore, 
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fore, with reprefenting this growth under the 
vague and almoft unmeaning afpect of the con- 
denfation and folidification of fluids; it fhows 
the fap, become a proper juice of the plant 
carried by the prolongations of the pith even 
to the infide of the bark, increafe on the one 
hand the thicknefs of the cortical layers by 
fucceffive additions of matter condenfing there; 
and on the other hand confolidate the cortical 
layers that were formed the laft, by means of 
their vifcofity, denfity, and vegetable plafticity, 
which ithas acquired. It proves, that this con- 
folidation is owing to the flightly hidrogenated 
particles of the carbon being brought. clofer 
together, owing to the fixation of the oxigen. 
It fhows that a variation in the proportion of one 
or other of thefe principles, and of the earth and 
foflil falts which accompany them, forms tannin, 
the colouring matter, and the extractive matter, 
at the fame time with the wood. It points out 
the mucous fubftance, the faccharine matter, 
the amylaceous fecula, diluted at firft in an 
aqueous fluid, which keeps them in the ftate of 
mucilage, of fluid honey, of milk more or lefs 
thick, acquiring their folid form by the evapo- 
ration of the water, owing to the air, or to the 
fuétion of numerous mouths, which convey the 
fuperfluous aquofity to the interior and tranfpi- 
ratory pores with which the leaves are perfo- 
rated. It teaches us that the fuberal fubftance, 
which forms the inorganic and frequently papy- 
raceous texture of the bark, acquires its dry 
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fragility, or elaftic fupplenefs and femi-tranfpa- 
rency, by the exficcation of a vifcous juice 
fpread in thin coats over the exterior part of the 
vegetable, and modified by the contaét of the 
air, and the action of caloric and light. It 
explains how a volatile or a fixed oil expelled 
out of plants, and thus having its furface 
expofed to the air, becomes the firft a refin by 
lofing hidrogen, the fecond a wax by abforbing 
oxigen. In a word, it begins to penetrate 
much farther into the explanation of the dif- 
ferent phenomena relating to the growth and 
nutrition of plants, than we could have dared 
to hope afew years ago; and it prefages what 
it may fome day accomplifh in this elegant and 
ufeful branch of human knowledge. 


E. Efflux or Flow. 


15. I employ the word flow, to exprefs the 
fpontaneous iffue of fluids from the furfaces of 
vegetables. This is properly avegetable fecretion. 
Thus we fee the very liquid and almoft aqueous 
fap flow from the extremities of the branches and 
from the joints of the vine, the birch, &c. the in- 
fipid and gummy mucilage from fiffures in the 
bark and in the ftalks of the fruit of the almond, 
peach, apricot, plumb, and all other trees that 
bear fruits with ftones in them; the volatile 
oily juice or refinous effence from firs, larches, 
and all the evergreen and refinous trees; the 
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honeyed and faccharine juice from the bottom 
of the petals and in the neétaries of a great 
number of flowers, and from the upper furface 
of the leaves of the afh, elm, and linden. Some 
glutinous juices, gummy-refinous, or of the 
nature of glue, flow likewife, and fpread in glu- 
tinous coats over the-youg fhoots of the acacia 
wifcofa, &c. Finally, the fixed oil itfelf exudes 
in little fubtle drops, and appears on the furface 
of feveral fruits, particularly thofe of the my- 
-ricas, crotons, and fome -trees' of the laurus 
family : in the air it gradually affumes the cha- 
racters of wax. 

16. In thefe different kinds of flowing we 
fecing manifeftly the preduct of too great ful- 
nefs, of a plethora which fwells and tears the 
veffels, or which diftends and opens the cells, 
or which iffues from the extremities of the full 
ducts: it is an evacuation occafioned by the 
fuper-abundance of the alimentary fap, or of 
the proper juices of the plant. _In the latter 
cafe it anfwers the place of a certain morbid 
and almoft critical flux, which is of great 
utility to the plants in which it occurs, The 
refult of this fecretion is the iflue of fome of 
the immediate imaterials of vegetables, fimilar 
to thofe that are extracted either by mechani- 
cal means, or by chemical procefies. It fhows 
that art, in the MEN it employs to procure 
thefe matters, makes them undergo no altera- 
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plant, and may depend as much on the produéts 
it acquires, as on thofe which nature furni thes. 

17. Ihave elfewhere fhown, that man imi- 
tates this procefs of nature by wounding or 
piercing plants and trees, and thus increafing 
the flow of matters, which are of great ufe by 
their properties in the arts. ‘Thus are procured 
the faccharine juice of the maple, the fugar- 
cane, the palm-tree, the refinous oil of pines 
and firs, the gummy-refinous juice of a number 
of plants, particularly the umbelliferous, the ex- 
traéto-refinous juice of the poppy, the euphor- 
biums, &c. Itis by a fimilar mechanifm, too, that 
the puncture of a great number of infeéts, which 
raife up the epidermis of the leaves, petioles, 
and ftems of feveral trees, occafions an artificial 
cavity, whichis filled with many different juices, 
and particularly with the aftringent and very 
concrefcible fluid from which we obtain the 
gallic acid, &c. Frequently, indeed, in the 
latter cafe, an animal matter afforded by the 
infects, that of their excuræ, eges, and excre- 
ments, mixes with the vegetable fubftance, and 
modifies the charaéters as well as the chémical 
properties of the parenchyma of the galls pro- 
duced by thefe punctures. 


F. Tranfpiration. 


18. Taoucx there are yet many facts to be 
verified or difcovered refpeéting the tranfpira- 
‘tion of vegetables, it is one of their functions 
that 
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that is beft known, and that throws the moft 
light on vegetation. Woodward, Hales, Bonnet, 
Duhamel, St. Martin of Vienna, and Citizen 
Sennebier of Geneva, have ftudied it with par- 
ticular care, and with very diftinguifhed faga- 
city. Their refults, without having that precife 
fimilarity which it is impoffible to find in fuch a 
delicate part of phyfics, are yet fufficiently alike 
on the whole, to leave no reafonable doubt of 
the truths which thefe authors have recorded 
in their works. By giving an account of the 
principal refults we fhall fhow, that they are 
well adapted to agree with the data of mo- 
dern chemiftry, which furnifhes a luminous 
explanation of them. RUE 

19. It has long been known, that if a living 
plant, or a branch of one, be enclofed under a 
receiver, the fides of the veftel will be covered 
with little drops of.an aqueous vapour, while the 
plant lofes a portion of its weight. A plant de- 
prived of life, indeed, exhibits part of this 
phenomenon, but with two differences: the firft 
is, that m proportion as the water iffues in 
vapour from its furface, it dries and withers, 
while the living plant retains its life and freth- 
nefs : the fecond, that the latter continues to 
furnifh this aqueous produét, while the dead 
vegetable is very fpeedily exhaufied, and affords 
it only for a time, which is terminated by 
its becoming dry. Thus we fee, that in the 
latter cafe it is a fimple evaporation, owing to 
a remnant of life, and more particularly to the 
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folvent aétion of the furrounding air: while in 
the living vegetable there is an internal ation 
that fupports this funétion, to which the external 
air contributes only but for one part of the phe- 
nomena, which will be foon appreciated. 

20, The tranfpiration of a vegetable may be 
meafured, and its produéts collected, if the 
tranfpiring plant be inclofed in a glafs veffel. 
Thus Hales found that a fun-flower, near a 
metre in height, loft near a kilogramme of tranf- 
piration in twelve hours, and tranfpired feven- 
teen times as much as a man. The moifture 
of the earth in which the plant grows contri- 

butes much to the fupport of this funétion: the 
more water the earth contains, the more iffues. 
from the'furface of the vegetable. The extent 
of this furface, too has much influence on it: 
and as it is by its leaves alone, that this tranfpi- 
ration takes place, it is evident, that the fpace 
they occupy fhould be meafured, to compare 
its proportion with the quantity of the evacua- 
tion. The meafures of thefe two will always 
be found in a direét ratio to each other. — If the 
leaves of a vegetable therefore be plucked off, 
its vegetation will be extremely diminifhed, by 
{topping its tranfpiration, and this may be car- 
ried fo far as to kill the plant. We fee here, 
that the principal ufe of the leaves is the exer- 
cife of this funtion, and that their multipli- 
city fhows the importance of tranfpiration to a 
vegetable. 2 
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21. There is a direét relation between the 
tranfpiration of a plant, and the fuétion of its 
roots. One of thefe phenomena follows the 
other fo exaétly, that there is reafon to prefume 
that they are mutually dependant on ‘each 
other, and that the mechanifm of the motion 
of the fap in plants very regularly follows this 
mutual relation of the two funétions. It is 
tranfpiration, which carrying off into the air, 
under the form of vapour, the greater part of 
‘the water that flows from the trunk into the 
boughs, from thofe into the branches, and from 
the branches into the expanfion of the leaves, 
is continually emptying the veffels of the plant, 
and inceffantly drawing into it frefh fluid, to 
replace what is evaporated. ales found by 
his ingenious experiments, that the furface of 
the leaves being cleven times as much as that 
of the roots, the-water muft flow eleven times 
as quick in the roots as in the leaves. 

29, The contact of light, and that of warm 
air, are néceflary to keep up vegetable tranfpi- 
ration. If the former be intercepted, accord- 
ing to the experiments of Citizen Sennebier, by 
a piece of linen or paper, the tranfpiration is 
confiderably diminifhed: warm and dry winds 
fingularly promote it: during the night it 
{carcely takes place. It is even found, that in 
the night plants increafe in weight, and imbibe 
the water precipitated from the atmofphere. It 
is moft powerful in the fpring, and at the be- 
ginning of fummer. In autumn the leaves 
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becoming hard, dry, and ready to fall, no longer 
exercife this function: and at this period 
too its utility is leaft effential, fince the plant 
has. by this time fulfilled at teat its annual 
deftination. 

23. On comparing the quantity of water which. 
Hues by tranfpiration with what enters by the 
roots, we find very little is left behind in the 
plant: yet the portion that remains is fufficient 
for its nourifhment, and diftributes itfelf, either 
by becomimg fixed without decompofition in the 
immediate materials which it dilutes, or by 
decompofing itfelf fo as to furnifh the hidrogen 
neceffary for the compofition of thefe materials, 
particularly the oily juices, and the oxigen 
proper for converting the greater part of thefe 
materials to the ftate of oxides or acids. A 
third ufe of this water in the portion that eva- 
porates is, to leave in the vegetables through 
which it pañles the greater part of the earths, 
falts, and different matters, which it conveys 
from manures into the interior parts of plants :. 
for we may conceive, that, as it efcapes in the 
form of vapour, it comports itfelf with regard. 
to the principles it held in folution, precifely as 
the water that evaporates in chemical procefles. 

24, The water which iffues in vapour from 
the furface of leaves. and which forms a part 
of their tranfpiration, 1s not precifely pure 
water, as is teftified by the fmell of the plants, 
which it carries out of their texture. Citizen 
Sennebier fatisfied himfelf by collecting feveral. 
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kilogrammes in fuitable apparatufes, and eva- 
porating what he thus colleéted, that it con- 
tained fome particles of extracto-refinous matter, 
of carbonate of lime, and of fulphate of lime; 
and he deteéted thefe four fubftances by the 
fucceflive action of water, alcohol, and acids, 
on the refiduum left by his evaporation. It 
appears, too, that a fmall portion of faccharine. 
or honey matter is carried away by this water 
of tranfpiration ; and that to this {mall portion | 
is owing that flight, greyith, {weet coat, which 
covers leaves after great tranfpiration, and 
which is known by the name of honey-dew. 
Sometimes it is fo copious, that it forms a duft 
in the air round trees that have experienced this 
exceffive tranfpiration in the great heats at the 
commencement of fummer. 

25. Mr. Hedwig, in his cryptogamic phyfio- 
logy, has defcribed the vetlels of the leaves 
which afford a paffage to ‘the tranfpiration. 
They are placed under the epidermis of the 
leaves, and there form a net-work, the mefhes of 
which are very vifible, when the moift epidermis 
is examined witha microfcope. He thinks that 
feveral of thefe veffels, to the number of four or 
five, open into each round or oval pore, with 
which he afferts the epidermis is perforated. But 
Citizen Sauffure, who has examined the epider- 
mis of leaves with great minutenefs, was never 
able to perceive the pores mentioned by Mr. Hed-_ 

Rig. There is reafon to believe, that, inftead of 
having holes, the epidermis dips into the cavi- 

ties 
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ties of the tranfpiratory veffels. With a good 
Jens we may fee pretty diftinétly the extremities 
of thefe veffels, which form little prominences, 
or a kind of circular tubercles, on the upper 
furface of leaves, | 

26. Thetranfpiration or invifible vapour, which 
iffues from the leaves, and forms fuch a con- 
fiderable evacuation or excretion of vegetables, 
does not confift folely in the water of which I 
have hitherto been fpeaking, Part of this vapour 
confifts of oxigen gas, arifing evidently either 
from water, or from carbonie acid, or perhaps 
from both together, decompofed in the plant. 
The iffue of this gas is one of the chief requi- 
fites of the mechanifm of vegetation: it an- 
nounces, and no doubt produces, the health 
and vigour of plants. It diffufes throughout 
the atmofphere, which it perpetually renovates, 
the portion of oxigen gas, deftined inceffantly 
to compenfate what is abforbed in the numerous 
combuftions that take place in the furface of 
the globe. It is particularly the iffue of this 
gas, united perhaps with the watery vapour of 
tranfpiration, that requires the contaét of light 
already mentioned above as fo favourable to 
tranfpiration. At the fame time there iffues 
from plants, or at leaft is formed immediately 
on their tranfpiring furface, a pretty confider- 
able quantity of carbonic acid gas. It may be 
obferved here, that thefe three materials of ve- 
getable tranfpiration, water, carbonic acid, and® 
oxigen gas, are of a nature to be abforbed 
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by the earth : fo that here we find one of thofe 
continual circulations, which, hufbanding the 
primary materials neceffary for complicated 
compofitions, difplay that wife and rich eco- 
nomy of nature, which excites our admiration 
in fo many inftances while we ftudy her phe- 
nomena. 


G. DireGion. 


97. Tuoueu the phenomenon, which with 
many modern naturalifts I here call direéion, 
be rather one of the refults of a funétion than 
a real function itfelf, and its fource or caufe is 
yet fo little known, though it is extremely im- 
portant to eftablifh its exiftence and effedis, yet 
we ought to treat: it as if it conftituted a func- 
tion altogether, more particularly as we know 
not to what general function to refer it. By 
direction I mean that property, or living power, 
by which each part of the vegetable, CN REE 
ably to a particular law, sos a courfe, or 
direéts itfelf, to the nature, refpective fituation, 
or wants, of each of thefe parts. Thus it has 
been obferved, that the radicle, after iffuing 
from the germinated feed, always direéis its 
courfe to the earth, and the plumule to the 
air; that the branches fpread and rife to enjoy 
the contact of air and light; that the leaves 
place themfelves fo as to occupy all a particular 
ps a in 1 the atmofphere, fo that their fhining 

have 
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furface is uppermoft, and their rougher furface 
downward ; that flowers turn toward the light 
and the fun; that the young branches or twigs 
berd toward the water, OGCe). Lee 

28. This direction is fo confiant, and fo ne- 
ceffary to vegetables, that the parts exhibiting 
it furmount all the obftacles oppofed to them, 
as the experiments of Duhamel, Bonnet, and : 
Citizen Sennebier, have proved. Seeds placed 
in appearance moft unfavourably, fo that the 
radicle muft come out at the top, and the plumes 
at bottom, fhow themfelves at the end of a 
few days, the former bending down to reach 
the earth, the latter rifing up to get into the 
alr. Plants bent at firft toward the light, and 
afterward turned the contrary way, will foon 
change their direétion : branches bent toward 
the earth by means of weights or cords, will 
firaighten themfelves, and rife upward again, 
Leaves turned, and kept inverted on their foot- 
ftalks, refume of themielves their primitive 
pofition; and the reftraint impofed by art on 
all thefe parts is foon deftroyed by the natural 
power, which tends to direct each to its refpec- 
tive poñtion, which is peculiar to it, 

29. Many hypothefes to affign a caufe for this 
movement have been invented and publifhed, 
To explain it, fome phyfiologifts have admitted 
a kind of fenfibility in the organs of plants, 
though the irritability already mentioned is 
the moft that can be afcribed to them. But it is 
necefflary likewife to admit a caufe, a ftimulant 
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producing this effeét: and this has been fought 
in the ation of water, air, light, heat, the fun, 
and a certain relation between thefe and each 
of the parts of a vegetable. Unqueftionably 
thefe fubftances have a direct influence, which 
cannot be controverted, on the direction taken 
by the different parts of plants; fince we fee 
this direétion follows the contaét or prefence of 
each of thefe external fubftances. But how do 
they act to produce this effect? On what organ 
do they make an impreflion ? What changes do 
they produce in it, and how are the changes 
- effected from which this or that direction arifes ? 

30 We do not find a fufficient caufe for thefe 
effects either in the imbibition of water and the 
dilatation which enfues from it, orin the defic- 
cation and evaporation effected more powerfully 
on one point than-on another, or in a fuppofed 
attraction between fuch an organ and fuch a 
{ubfiance toward which it bends or turns itfelf. 
But on confidering that all direétion whatever 
of the parts of a vegetable is the confequence 
of a motion, that this always fuppofes the fhort- 
ening of fome fibres at the fame time as thofe 
oppofite to them are dilated, we fhall perceive, 
that there is a ftimulant aétion, which fingu- 
larly approaches to what is obferved in the irri- 
tability of animals; but that it differs in this, 
that its effect 1s permanent, and leaves the ve- 
getable part in a conftant ftate of contraction, 
which becomes a fort of habit, and the conftant 
pofition of each of thefe parts. We can yet 
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find nothing that has more probability than this 
ue | 


H. Sleep. 


31. THERE are two kinds of fleep in plants : 
one, in certain refpeéts fimilar to that of ant- 
mals, takes place during the night, and returns 
periodically every twenty-four hours: the other 
longer, permanent, takes place during a whole 
featon, that of winter, and is termed hibernation. 
It is fuppofed, that during the night all plants 
experience fome change, that they are not in 
the fame ftate as during the day, and we may 
judge of this from fome in which the leaves 
are folded one upon another, often approached 
or brought clofe to the ftalk, and the flowers 
clofed. Itis commonly fuppofed, that the ab- 
fence of light, of the return of which thefe 
plants appear to be fenfible by the difplay of 
their leaves and expanfion of their flowers, 1s 
the caufe of this kind of contraétion; and that 
its prefence produces the evaporation of a fluid, 
to which we muft afcribe a kind of exhaufted 
ftate, whence fleep arifes. 

32. We may doubt the truth of the fame 
effect being produced in all plants, or that 
they experience a fleep fimilar to what is ob- 
ferved in the fenfitive plant; but it appears 
certain that in all the funétions which they 
exercife during the day undergo modifications 
and differences during the night, which con- 
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ftitute in them that ftate which is confidered as 
fleep. Thus the tranfpiration and iffue of water 
and gas throueh the leaves are ftopped during 
the night ; the fuétion by the roots is greatiy 
diminithed or totally fuppreffed ; and plants, fo 
far from lofing weight, increafe it a little, either 
by imbibing water precipitated from the air, or 
by the abforption which is partly continued by 
the roots. The privation of the contaét of 
light, which has fo much influence in tranfpi- 
ration, is the only caufe of this change of 
fiate. 

33. As to the feafon of winter, and the fleep 
which vegetables experience during this feafon, 
it is to be obferved in the firft place, that it 
occurs only in plants that live more than a 
year, and the duration of which varies from 
two to fome hundreds of years. During this 
repofe, the tree being deprived of its leaves, and 
reduced to its ftalks and the buds which garnifh 
them, exhibits the image of apparent death; 
though, if compared with dead wood, there 
are very perceptible differences even in its afped. 
No fap exifts in the trunk or branches ; it no 
longer tranfpires ; it refifts the feverity of froft, 
however, to a certain point, and while water 
freezes around it, the portion it contains re- 
mains fluid, in confequence of its internal 
temperature, and of the portion of life it retains. 
No fenfible change takes place in the fleeping 
vegetable: the fole effect of its life is confined 
at this time to the fupport and very flow en- 
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largement of the leaf-buds and flower-buds, 
which cover all the points from which either 
are toiffue. The form, pofition, and ftruéture 
of thefe buds may ftill afford the botanift means 
or charaéters for diftinguifhing it, exclufive of 
the appearance of the trunk or branches. The 
root alone retains greater activity; 1t 1s more 
fucculent, and larger than the reft of the 
plant. 

34. All the effeéts of the winter-fleep are mani- 
feftly produced by the lowering of the tempe- 
rature. The external cold allows the fibres 
and the fides of the veffels of plants to 
contraët or clofe together. ‘The organs of trani- 
piration no longer exift: the evacuation of 
vapour no longer taking place, the afcent of 
the fap itfeif is interrupted. The folid part, 
or fupports of the vegetable, remain in a ftate 
of reft, inertnefs, and ftationary imactivity, 
whence arife the abfence of every notable 
chemical change in its continuity, and confe- 
quently a ceffation of growth. A very flight 
change takes place in the buds alone, to which 
the fmall quantity of thick fluid remaining in 
the veffels flows, and in which it becomes con- 
centrated, fo as gradually toenlarge thefe germs, 
and flowly to bring on their development, and 
fhooting forth at the firft increafe of the heat of 
the atmofphere. Events pafs fomewhat differ- 
ently in evergreens, which keep their leaves 
during winter, and retain in the refinous juices, 
with which they are hume¢tated, while their 

tran{pi- 
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tranfpiration alfo is flight at all feafons, fuffi- 
cient caloric to defend them from the feverity 
of the cold, and to keep up a remnant of life 
and motion, which, however, is much lefs than 
it is in hot weather. Still this difference in 
the fleep of evergreens, which do not lofe their 
leaves, or rather this kind of natural fleeplefs- 
nefs, requires to be ftudied, and may prove a 
fource of new difcoveries. 


~ 


I. Germination. 
| 


35. THE germination of feeds, or the pheno- — 
menon by which the germ contaimed in a feed 
unfolds itfelf, and becomes a. real plant, of 
which the root penetrates into the earth, and 
the ftem rifes into the air, is one of the moft 
admirable and aftonithing phenomena which 
the natural hiftory of vegetables difplays. It is 
an aftonithing® fpeétatte to the philofopher, as 
well as to the man of the leaft enlightened 
mind, particularly when the feeble exiftence of 
the feed is compared with the tree to which 
it gives rife. Accordingly, in almoft all ages, 
this phenomenon has engaged the attention of 
the greateft natural philofophers, and their fuc- 
ceffive labours have at length lifted up the veil, 
which nature had thrown over one of her moft 
myfterious operations. Malpighi and Grew were 
the firft who defcribed with care the ftruéture of 
feeds, and obferved the circumftances of their 
germination. ‘The firft picture which Malpighi 
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traced of it on the feed of a curcubitaceous 
plant is one of the moft beautiful performances 
of vegetable phyfics. Grew has fhown the re- 
lation of the cotyledons to the radicle, and 
the continuity of this with the plumes. 
Homberg faw in 1693, that germination does 
not take place in vacuo. Ray, Ledermuller, 
Adanfon, Bonnet, Bierkander, Ludwig, Krafft, 
Bohmer, have obferved the greater part of its 
moft remarkable phenomena. Achard, Ingen- 
houfz, and Scnnebier have ftudied ‘its caufes 
fubfequently to the modern difcoveries in che- 
miftry, and have conneéted them with the data 
of this fcience. 

56. The vegetable feed, confifting of one or 
two cotyledons, of the radicle which has a com- 
munication with them by means of veffels, and of 
the plume which is continuous with the radicle; 
covered with two coats, the exterior folid and 
hard, often horny, fometimes woody, the inte- 
rior thinner, doubling in, and enveloping the 
embryo completely eae and arrived at matu- 
rity, enjoys the property of germinating, and 
fometimes retains it a long time. Every feed 
has its time and period of germinating, from a 
fingle day, as certain grapes, tofome years as the 
hazel nut. This function however, may be ac- 
celerated by various means, particularly by the 
ation of oxigenated muriatic acid, as Mr. 
Humboldt has proved, who. has propofed this 
fimple mean of raifing in hot-houfes in botanic 
gardens fuch feeds, as we have not yet been 

able 
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able to make germinate. Every one knows 
that feeds germinate in the earth: there are 
fome, however, which germinate in water, or 
in moift air. They are made to grow alto on 
fponges, tow, mols, &c. All the organs of the 
feed, and their pertect integrity, are required for 
germination to fucceed : the removal of the 
cotyledons renders it impoffible. 

37. The depth at which feeds are buried in the 
earth, requires to bein fome degree circumfcrib- 
ed, for their germination to be fuccefsful. 
Placed too deep, the feeds do not. germinate : 
at the furface, and when the cicatricula is not 
covered with earth, germination equally fails. 
A knowledge of all the conditions neceffary to 
germination will explain the neceflity of this 
difpofition, which is fully confirmed by experi- 
ence. 

Air muit be in contact with the feed for ger- 
mination to take place: and when the feeds are 
buried too deep, the air cannot penetrate the 
foil, which ought befides to be well broken, to 
give paflage to this fluid, The prefence of oxi- 
gen gas is indifpenfably neceflary : feeds do not 
grow in azote gas, or hidrogen gas ; but ifa cer- 
tain proportion of oxigen gas be added to either 
of thefe, the feeds will come up. Water is no 
lefs neceflary to germination: that which is 
impregnated with air promotes it much more 
than boiled water; and the addition of a little 
oxigenated muriatic acid accelerates it. We 
have no direct proof of the influence of electri- 
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city on this funétion, though it has been ad- 
mitted by fome natural philofophers. 

38. An imcreafe of temperature greater or 
fmaller, or a more or lefs confiderable quantity 
of free caloric, is one of the moft effential con 
ditions of germination. (Germination has never 
been known to take place below the freezing 
point, or at 0, of the thermometer: it does not 
begin, at leaft for plants of which the feeds are 
known (for of the germs of the cryptogamia 
clafs we know nothing) but at 6¢ or 8° of the 
thermometer. But the requifite degree of tem- 
perature varies fingularly in the different fpecies 
of feeds. In general a temperature exceeding 20° 
of Reaumur’s thermometer promotes and accel- 
erates the germination of feeds, which will 
germinate at a lower temperature : the contaét of 
light retards, or completly prevents germina- 
tion, which conftantly takes place in darknefs. 
Thus a feed well formed, thoroughly ripe, 
entire in its organization, committed to moift 
earth by which it ts entirely covered, buried to 
a flight depth, fufficient to deprive it of light 
and allow a paffage to the air, moiftened with a 
due quantity of water, expofed to a higher or 
lower temperature according to its peculiar na- 
ture, undergoes the procefs of germination, and 
in a determinate time gives birth to a plant 
fimilar to that by which it was formed. 

39. When all the conditions that have been 
mentioned are combined, the feed begins, fome- 
times in a few hours, to have its coats moiftened 
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by the water, which penetrates them, and like- 
wife its cotyledons, which fwell and foften : the 
circatricula enlarges and opens, the coats burfi, 
the radicle comes forth, and exhibits a little 
prominent knob, which foon lengthens : the fub- 
{tance of the cotyledons is then filled with a 
milky magma or pulp, of a bland faccharine tafte. 
Prefently the plume comes out, and exhibits 
the curved back of its ftalk through the cleft 
membranes : it unfolds itfelf, and rifes towards 
the furface of the earth: the radicle grows 
larger on its part, its knobs extend, and be- 
come covered with little filaments. Both thefe 
parts conftantly follow thefe direétions, and 
bend in various ways to take them, whatever be 
the pofition of the feed. The plume, ftrength- 
ened though yet white and truly etiolated, 
pierces the furface of the earth at theend of a 
longer or fhorter. time, pufhing before it the 
cotyledons to which it ftill adheres, and which, 
when once immerfed in the air, feparate from 
each other, difplay themfelves in feminal leaves, 
and fuffer the young plant, the point of which 
begins to change from white to green, to be 
feen between their parenchyma, which is wither- 
ed and diminifhed in thicknefs: prefently the 
cotyledons dry and fall off, when they are no 
longer neceffary for its nutrition. In the mono- 
cotyledons the feed comes up and is carried 
laterally by the leaf roiled up conically or 
Jengthened intoa tongue, which fhoots into the 
air. 
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40. Thefe phenomena announce, that the 
water, which has paffed through the coats, has 
{wollen the lobes or cotyledons, has foftened and 
diluted the parenchyma, and has formed of it a 
kind of milk, which, being carried into the radicle 
by the veffels of communication between thefe 
two parts, has extended, developed, and elonga- 
ted it, fo that it is continued out of the feed. 
This radicle, once fwelled and diftended in its 
internal texture by the milk of the nourifhing 
lobes, tranfmits to the plume, the channels of 
which are dilated by the heat, the milky nutri-. 
ment it has received: and the plume, injeéted 
as it were with this alimentary fluid, unfolds it- 
felf ; all its veffels, filled with juice, fwell, and 
exhibit ribs or prominent lines on the leaves. 
This effect of nutrition, very rapid at the com- 
mencement of vegetable life, quickly raifes and 
elongates the plume, which becomes a plant. 
Thus the radicle fupplies it with the vegetable 
milk which it draws from the lobes, till its -fila- 
ments grow larger, and form a number of mouths 
of fufhcient fize and aétivity to draw from the 
earth the juices it offers. Then the young plant, 
‘hitherto fupported by the proper fubftance of 
the cotyledons, beginning, when it has rifen 
into the air, to receive the influence of light 
and the heat of the atmofphere, tranfpires copi- 
oufly, and thus obliges the radicle to fupply it 
from the earth with the fluid, which it requires 
forits growth. At this period the exhaufted co- 
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tyledons become ufelefs, and fall off: the 

plant lives by its own powers. | 
41. All thefe effeëts are accompanied by 
éhemical charges which produce them: the fari- 
naceous feculent matter of the lobes or cotyledons, 
which is at the fame time more or lefs oleaginous, 
being diluted by the water which the coats 
impart to it, forms a peculiaremulfion, which 
undergoes a real fermentation by means of heat: 
a faccharine matter is formed in it, the prefence 
of which is attefted by its decided tafte in ger- 
minated feeds, particularly in thofe that are 
termed corn: this matter contributes to the 
nourifhment of the young plant: it is foon 
converted into fap, and into the proper veget- 
able fubftance : its fermentation is accompanied 
with the formation of a certain quantity of 
carbonic acid, which is decompofed in the young 
plant the moment it is ftruck by the light, and 
yields toitits carbon the firft principle of its 
commencing folidity. Thus, germination is 
effected by a chemical aétion or power, eafily 
difcovered and determined by phenomena fully 
obferved ; and the organization does not aét its 
part, noris the principle of life eftablithed in 
the vegetable, till after the abforption of water 
and caloric, the emulfive folution of the coty- 
ledons, the formation ‘of a muco-faccharine 
matter, and that of carbonic acid, the firft 
impreffion of which on the vegetative power of 
the plant begins with developing in it that irrita- 
Ee 2 Le bility 
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bility which grows with it. This fimple and 
natural explanation of germination undoubtedly 
announces, that one firft ftep has been made in 
vegetable phyfics by means of the light which 
chemiftry affords; but many others remain, 
that may be expeGed from the further prog refs 
of this fcience. 


K. Foliation. 


AQ. FOLIATION, or coming into leaf as it is 
called, isthe phenomenon by which leaves unfold 
themfelves, and fpread in the air, either at a 
certain period of vegetation in annual plants, or 
at a particular period of each year in the. peren- 
nials. This eruption of the leaves is one of the 
grand functions of plants, fince thefe organs 
act a very important part in vegetable life, as has © 
been feen. It is in fome refpe& afecond germi- 
nation: it is the formation of a part, which 
completes the organization neceffary to the fup- 
port of thefe beings. The refult of it is a 
multiplication, an ete of furfaces, which 
eftablifh a communication between plants and the 
air, the important confequences of which are 
vigorous vegetation, and all the funétions that 
accompany it. The leaves exift at firft, com- 
pletely formed, but very fmall, and clofely 
folded together, in buds of a particular fhape 

and 
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and ftruéture : at a certain temperature, which 
muft be at leaft of 10°. for moft plants, and 
aided by the contaét of light, the buds open by the 
feparation of the fhells in which they were en- 
clofed, and the leaves fpread themfelves in the 
air, 

43. The opening of the buds and feparation 
of the fhells are manifeftly owing to the motion 
of the fap, which fwell and diftend their veffels, 
_as well as thofe of the leaves. Thefe buds, 
during their hibernation or winter’s fleep, at 
firft grow very flowly. The leaves injected by 
the fap-impelled forward or imbibed at firft ftep 
by ftep, acquiring a greater increafe in the 
fpring, pufh out and feparate the fhells, which 
kept them diftinét and bound up: prefently 
they lengthen their foot-ftalks, and fhoot with 
rapidity into the air, with which they keep up 
an extenfive contact. From this time the ftate 
of the plant is fingularly changed. The expand- 
ed leaf at firft aflumes a pale green hue; {till 
retaining a yellowifh tinge, it is filled witha 
mucous, glutinous juice of little tafte: when 
rubbed between the fingers it invifcates them, 
and makes them ftick together. This mucila- 
ginous nature continues but a few days: the 
leaf, as it unfolds itfelf more, lofes this glutin- 
ous fluid. In proportion as its colour heightens, 
its parenchyma and lefs abundant moifture be- 
come bitter, acrid, afcerb, combuftible, extractive, 
or aromatic, affuming in fhort a different che- 
mical character. 
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A4. Thefe fuccefive changes, which take 
place in the leaves at the fame time as the veget-= 
able, grows, tranfpires, and decompofes the 
water and carbonic acid in its organs, are irre- 
fragable proofs that achemical effeét,-a feries of 
decompofitions and various combinations, take. 
place in their veffels, and particularly in their 

cells, which occafions the difference of tafte, 
fmell, confiftence, and colour, obferved in their 
texture, from the commencement of foliation 
“till the functions of the leaves terminate. It is 
even probable, that of all the organs of veget- 
ables the leaves are thofe, in which chemical 
attractions, and the changes that arife from 
them, take place with moft energy; fince thefe 
organs with their numerous and very diftinét 
veflels, exhibit in the net-work they form a pul- 
PY; medulary, or cellular texture, very fuitable 
to thefe effects, in confequence of the room they 
afford, the fluids with which this texture is 
moiftened, and and the ftay they allow them to 
pas 
. Leaves offer to the obferver another 
nd, not lefs remarkable than that of their 
eruption, when they have fulfilled the funétions 
- which Nature has affigned them. Their colour, 
from a green more or Tefs deep, gradually grows 
pale and difappears, turning to a yellow or fawn 
colour, either all over af once, or in parts. They 
lofe their fubftance, and become thin: their 
frefhnefs and verdure difappear: they grow 


darker coloured, and wither.. Soon after thefe 
changes 
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changes their fupport contraéts, fhortens, and 
dries, quits the part of the branch to which it 
adhered, and falling carries with it, the leaf, al- 
ready fome time dead. It is fcarcely neceffary 
to remark, that this phenomenon of defoliation 
is accompanied by chemical changes, to which 
it even appears to be owing: ie fluids have 
grown thick, and none reach the leaves at a 
certain period of their decay: tranfpiration then 
fiops ; and we fee that the fall of the leaves is 
the fignal of the flumber, that commences in 
the plant. — | 


 L. Lowering. 


46. FLOWERING, or the formation and ex- 
panfion of the flowers, is one of the moft 
important periods or events in vegetable life. As 
it is its principal purpofe, it cofts many efforts; 
it exhaufts in fome fort the plants in which it 
takes place. Alt the work of vegetation that 
precedes it being deftined to produce this 
flowering, when it has taken place, the plant is 
much weakened, and the remains of ftrength it 
preferves fuffice only for fruétification. To 
underftand the conneétions of this funétion 
with chemical phenomena, I need only exhibit 
its moft general refults, | 

: 47. The flower, long prepared and organized 
inits bud, which is more round and diftended 
than 


AQA FLOWERING. 


than that of the leaf, opens at a given tempera- 
ture, which differs in different plants. As 
they follow en order of days in their fucceffive 
expanfion, the flowers of a diftri&t furnifh 
botanifts with a calendar of Flora. After it has 
opened, the petals of the corolla become colour- 
ed; the influence of the air and light is of great 
importance in producing this colour: an excre- 
tion of faccharine matter takes place in a par- 
ticular point of the corolla, which is called the 
neciary : odoriferous effluvia frequently emanate 
from the petals, which conftitute a perfume 
more or lefs prized. The ftamens, or male organs, 
commonly approach the piftil or female organ, 
and fhed their fecundating duft on the ftigma. 
A matter, probably of a vaporous nature, 
traverfes the ftyle, and proceeds to firike or 
impregnate with vitality the feeds placed in the 
ovary. This funélion once fulfilled, the anthers 
dry, the filaments of the ftamens wither, the 
petals wrinkle and drop off, and the fructification 
commences. 

48. In this fucceffion of remarkable pheno- 
mena, which conftitute flowering, we cannot 
overlook a feries of chemical operations. Each 
part of the flower is continuous with a corref- 
pondent organ, from the calyx which is propa- 
gated from the bark, to the piftil which con- 
founds itfelf with the extremity of the medullary 
texture. The juices are prepared before they 
arrive at thefe parts; but they unqueftionably 

undergo 
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undergo fome modification, a fecond and defi- 
nitive elaboration, in the organs of the flowers. 
The fecundating duft of the anthers, termed 
pollen by botanifts, the aromatic honey of the 
neétaries, the odoriferous vapour of the petals, 
are fo many produéts of this chemical elabora- 
tion. The colouring of the corolla by the air 
is equally a confequence of chemical alterations, 
which the flowers experience in their texture. 
We know nothing yet of the caufe of fecunda- 
tion: it is not impofñlible that it may be 
concealed in fome effect of chemical affinity, 
which has hitherto efcaped the refearches of 
naturalifts. 


M. Frudlification. 


49. Wnuen fecundation has taken place, and 
the organs that have effeéted it, as well as thofe 
which furrounded and proteéted them, have 
difappeared or fallen off as mutilated, the fertile 
feeds gradually enlarge in the ovary, the fruit 
is formed, and acquires a more or lefs confiderable 
growth. This furnifhes itfelf with pulp, fleth, 
mueilage, parenchyma, hufk, membranes, fhell, 
kernel, and all the moft varied kinds of enve- 
lopes, intended to cover and preferve the feed to 
perfeét maturity. Moft of thefe acceffaries ferve 
at the fame time to nourith the feeds, to fupply 
them with aliment fuitable ta their nature, or to 

afford 
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afford the veffels which convey it a fupport, 
and perhaps impart a peculiar nature to them. 
This flefh or pulp.of fruits is fweet, faccharine, 
acid, flat and mucous, bitter and acrid, oily, 
afcerb, and in general of -very various taftes 
~ and chemical properties. 

50. Who does not fee, in this work of fruéti- 
fication, the refult of a chemical power and 
action, as well as in the growth and nutrition 
of the different parts, particularly of the lobes 
or cotyledons of the feed? A confiant identity 
of effects gives birth im the internal part of the 
fruit, or in the feed, to the formation of fecula, 
fixed oil, and gluten, fince all feeds uniformly 
exhibit one or other of thefe principles: but a 
great variety of chemical compofitions or pro- 
duétions prevails in the pulp or parenchyma of 
fruits. The regularity of the former refult, 
and the variety of the latter, certainly depend 
on the ftruéture and different organization of 
thefe two kinds of parts. Befides, external 
eircumitances, the rays of the fun, the tempe- 
rature, the drynefs or moifture of the air, the 
winds, water, influence the nature of the paren- 
chyma of fruits, which are always expofed to 
them ; while the more important fate of feeds, 
of which fruits are but the defending coats, is 
entrufted to an interior organization, a central, 
_ choice, and regular ftruéture, always the fame, 
néver variable, and which cannot be modified 
by external accidents, | 
| ARTICLE 
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ARTICLE X, 


Of the Modifications which Art produces in 
Vegetables, of the principal Changes of which 
they are fufceptible, and of the Difeafes by 
which they are affected, | 


1. FROM the particulars contained in the 
preceding article it appears, that vegetables are 
_real machines, in which many chemical opera- 
tions take place, confifting generally in triple 
combinations at leaft of the primitive principles 
furnifhed by the earth. Accordingly, they are 
liable to be greatly affeéted by all external 
fubftances. It is from the influence of thefe, 
directed according to the will of the culti- 
vator, that plants experience modifications and 
changes, the production of which augments 
the enjoyments of man: long experience has 
certified and multiplied thefe modifications, fo 
that they are become the objeét of an art of 
great importance in fociety, which includes agri- 
culture among its various practices. | 

2. The purpofe of cultivation is to multiply 
vegetables, the properties of which fit them for 
the food of man, his clothing, the conftruétion 
of his habitations, the mitigation of his difeafes, 
and the gratification of his fenfes, particularly 

thofe 
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thofe of fight, tafte, and fmell. Vegetables 
are multiplied either by fowing or planting 
fuch as nature offers fingly, rare, or in little 
abundance. Cultivation propofes not folely to 
increafe the quantity of thefe ufeful beings in 
the proportion our wants require, but to make 
them grow in the thorteft time poflible, fheltered 
from the dangers to which they are liable, and 
in the greateft poflible quantity on a given 
fpace. It attains this objet by choofing 
the foil fuitable to each particular feed and 
plant, preparing it by the fpade orthe plough, 
enriching it by burying in it vegetable or 
animal matters, removing the injurious plants 
which grow in it anno and giving, 
either to the foil or to the plant committed to 
it, from the moment of fowing or planting to 
that of gathering the produce, all the treatment 
capable of favouring the growth and multi- 
plication of the vegetable. It varies its means, 
according to the nature of the foil, and of 
the plants cultivated in it, conformably to the 
order of the feafons, and the temperature and 
afpect of the place. 

See dale object of agriculture, confidered in 
the great, is lie wie, to furnifh a fufficient 
abundance of food for animals ufeful to man; 
to enable them to repay the earth what they 
take from it by confuming its produce; and 
the fcience and great fuccefs of this firft of arts 
truly confift in the exaét proportion of animal 

ta 
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to vegetable productions. It is carried toward 
perfection when thefe two kinds of productions 
are fo well regulated and arranged in their 
mutual relations to each other, that nothing is 
wanting to thefe animals, and that they furnith 
a proportion of manure more than fufficient to 
continue that fertilization, of which they afford 
a conftant fource in their excrements and litter. 
Thus by inceflantly renovating the fertility of 
the earth, this in return ought to give them what 
is neceffary to furnifh man with wholefome food, 
materials for clothing him, and affiftance to 
convey his burdens, to till the ground, and for 
all the purpofes to which animals are applied in 
a domeftic ftate. 

4, The numerous experiments whieh: have 
been made in a long feries of ages on the culture 
or multiplication of vegetables by art, have led 
to a number of refults, not lefs interefting in 
the natural hiftory of vegetables, than ufeful to 
the wants and taftes of civilized man. Thefe 
have taught us to multiply trees and plants by 
grafts and layers; to enlarge their ftems; to 
fpread, blanch, or colour their leaves ; to alter 
their fruits in fize and flavour; to double their 
flowers ; to crofs their breeds, and produce mule 
plants; and to eftablifh varieties, which nature 
had not given to man, and which, being perpe- 
tuated by cultivation, have received and merit 
in agriculture the name of /pecies. The arts 


of manuring land, of grafting, pruning, and 
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laying 
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laying down trees, of fheltering them and fup- 
porting them in efpaliérs and againft walls, of 
giving them fuch a form in Heit or fpread as 
fuits the place where they are planted, of acce- 
lerating or retarding their maturity, of varying 
the tafte, fize, dt fhape of their fruits; that 
of producing im a temperate or cold climate in 
hot-houfes, in hot-beds, under frames, under 
bell-glaffes, in hot and factitious earths, plants 
which nature placed only between the tropics, 
or under the equator; that of varying the 
colours and perfume of flowers, of doubling 
them, or converting their ftamens into nume- 
rous coloured petals: all thefe wonders of 
cultivation, which vary and multiply our enjoy- 
ments, are capable of being explained or under- 
ftood by means of the eee notions that 

have been developed in the preceding articles. 
5. In faét, it is by increafing nourifhment, 
by the addition of abundant manure; haftenine 
vegetation by an artificial and increafed tem- 
perature ; opening the bofom of the earth by 
frequent and deep ftirring to the beneficial 
influence of the light and air; conveying to it 
by irrigation, etre or the watering pot, 
an abundance of water, which the atmofphere 
_withholds too long, or furnifhes in too {mall 
quantity ; fecundating one fpecies of flower 
with the pollen of another nearly allied to it; 
impregnating water with a very nutritious 
vegetable juice, very fufceptible of fermentation 
| and 
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and heat; topping the motion and courfe of 
the fap in fome parts of the plant by bending 


it, tying it, or cutting the bark; forcing à 


portion of one tree, or bud- hi bang: to 
infert itfelf into another, and live at the expenfe 
of its juices, after having agglutinated or 
made it unite into one fubftance with it by 
grafting ; conducting all the nutriment to the 


fruit-buds, by removing fome branches which 
would confume too much fap; adding to the 


earth ftimulants, which, being conveyed into 
plants with the water that their roots imbibe, 
give aétivity to their vegetation: in fhort, by 
employing a great number of proceties, and 
agents truly chemical, the cultivator, frequently 
even without having any conception of the 
caufe or mode of action, but always ewided by 
practice of more or lefs continuance and fuccefs, 
produces all the changes and modifications that 
anfwer his withes. 

6. But all thefe firft data, all the applications 
of chemical fcience to the phenomena of the 
artificial cultivation of vegetables, are yet only 
the firft glimpies or perceptions, the exiftence 
and importance of which have been conceived 
or even fufpeéted by the moderns alone. Wal- 
Jerius had already laid fome of the foundations 
of agricultural chemiftry ; Bergman had car- 
ried them a little farther in turning his attention 
to earths; and Lavoifier has fince difplayed 
all its importance. Thefe firft ideas have yet 

{carcely 


# 
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fcarcely excited the attention of a few of the 
inhabitants of the country: when will enlight- 
ened citizens, weary of the tumult and faétitious 
pleafures of cities, carry into the country the 
knowledge with which their minds are ftored, 
and apply to agriculture the rich refources of 
phyfical fcience ! 

7. The deftiny of plants, confidered as che- 
mical implements employed by nature to form 
the firft triple or quadruple compounds, to unite 
by complex attractions at leaft three primitive 
fimple fubftances, and often more, muft be to 
change perpetually their ftate, to remain but 
a little while in the fame order of compofitions, 
and to experience, from the very nature of the 
multiplied powers which re-aét on their prin- 
ciples, variations that more or lefs profoundly 
alter their materials. If the external circum- 
ftances, if the exterior agents, which influence, 
as has been fhown, their intimate nature, come 
to experience fudden and great alterations; if 
the air change quickly from temperate to cold, 
from dry to moift; if it ftrike plants too 
rudely ; if particularly it be too long loaded 
with water; if froft unexpectedly fucceed mild 
weather after the firft efforts of vegetation in 
fpring; if a violent wind carry off too abun- 
dantly from the leaves, as well as from the 
earth, the water which circulates in the former 
and humectates the latter; if after rain, a 
burning fun dart on vegetables covered with 

water, 
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water, each drop of which concentrates its 
rays like a lens ; if the deluged ground do not 
allow too large a body of water to flow off, all 
thefe caufes, and a great number of others, 
become fo many fources of alterations more or 
lefs injurious to plants, and difeafes are produced 
in them, as well as in animals. 

8. It even feems, that, modified by our cares, 
rendered more fenfible and delicate by culture, 
participating in fome degree the inconve- 
niences of that fort of domeftic life or civiliza- 
tion to which we have brought them, plants, 
like ourfelves, and like domeftic animals, are 
more expofed to indifpofitions and difeafes than 
thofe which grow fpontaneoufly in the places 
man has {till left to nature. It is rare that the 
fame number, and particularly the fame kinds 
of difeafes, attack the trees of the foreft, as 
thofe which very frequently we fee only in our 
erchards. The plants of our fields, efpeciaily 
our corn, are affected with difeafes, which we 
fcarcely ever, if at all, obferve in thofe that 
grow wild. It may be faid, that their multi- 
plication, and their being crowded together in 
one fpot, and in too confined a fpace, fometimes 
occafion them the fame injury, as men and 
animals experience from the incumbrances and 
throng of too clofe a place. It is true, on the 
other hand, that the care of the cultivator 
protects them from the teeth and ftings of 
animals and infects, to which nature expofes 
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the vegetables fhe produces, and for which fhe 
éven appears to have defined them. But the 
_greatnefs and danger of the difeafes, in. fome 
fort to be confidered as focial, and frequently 
endemial or even epidemic, which attack the 
vegetable tribes cultivated in our fields, do 
not allow us to imagine that there is, in this 

refpect, a Ket pettasten favourable ta the culti- 
vator, 

9. Without giving here an enumeration, 
which would be out an place, I fhall content my- 
felf with obferving, that, notwithftanding the 
little care that has been taken to (Pare and 
defcribe all the difeafes of plants, we know 
enough to perceive, that no vegetable, and no 
part of a vegetable, is exempt from them. 
The trees of orchards, gardens, parks, avenues, 
and highways, frequently fhow their bark cleft 
and cracked, corroded by dry or moift ulce- 
rations, enlarged by tuniours, pierced and dif- 
fected by infeéts, torn by beats, exhaufted by 
parafitical moffes and lichens. Their wood 
bends, iplits, dries, fwells: we fee it attacked 
by mouldinefs, ulcers, purr chcane ss, knobs, and 
wounds. The leaves of plants are liable to 
mildew, blaff, blight, parching gails, prema- 
ture decay, lofs of Fab curl ‘The enemies 
and ravagers of our harvetts, and the grafs tribes, 
are the /hedding of the grain, caries, horn, and. 
finut. In all thefe cafes, already obferved with 
fome care, we fee the organs of vegetables 

change 
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change their figure, confiftency, colour, tafte, 
and finell, ind confequently their chemical 
nature. | 
10. Who will den: that all nee difeafes are 
accompanied by chemical changes and acci- 
dents, which we ought to confider not only as 
their effect, but often as their caufe? Has it 
not been found, that in fmufty, carious, and. 
horned rye or wheat, there no longer exifis 
any amylaceous or glutinous fubftance, but here 
an oily fluid, there an acrid and coaly extraét? 
Are not wood and bark, when ulcerated and 
covered with a blackifh fanies, or whitith, 
gritty, and dried cruft, loaded with acetite of 
lime and of pot-afh, tannin, refin, and carbonate 
of lime and of pot-afh, according to the 
experiments of Citizen Vauquelin? Who can 
limit the capacity of chemiftry for acquiring 
a knowledge of the nature, caufe, and remedies 
of thefe difeafes ? Let us hope, that, with all the 
lights which this fcience affords to agriculture, 
this investigation will no longer be db 
let us truft, that this pleafing tafk, bo under 
fuch happy aufpices, will no longer be delayed ; 
and let us depend on thofe ardent, ftudious 
youths, who will carry with them into the 
country ufeful knowledge, and who- will not 
allow the firft of arts to remain chdined dowa 
to blind cuftom, to prejudices deftruétive of 
every thing that 1s good. In fine, let us be 
perfuaded, that the period, when the labours of 
the 
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the field will be benefited by the cao wledge 
hitherto confined to cities, cannot be remote, 
under laws that diffufe inftr gate through all 
a of fociety. 


END OF THE EIGHTH VOLUME. 


W, Flint, Printer, Old Bailey. 
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